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PEEFACE. 



* A TREATISE on the Action of Vis-Inertiae in the 
Ocean/ published in 1868, was, in some measure, 
a second edition of * The Elements, or an Investi- 
gation of the Forces which determine the position 
and movements of the Ocean and Atmosphere,' 
published in 1866 ; and the first edition of this 
present work, published in 1873, was, to a great 
extent, a third edition of the same, revised and partly 
re-written. 

This second edition of ^ The Ocean ' has been 
abridged by the omission of some chapters which 
have been republished in ^ The New Principles of 
Natural Philosophy,' and minor omissions of matter 
not closely connected with the subject, and more 
fully treated in the work just mentioned. Book X., 
which in the first edition professed to offfer merely 
^ suggestions ' as to the action of Vis-InertiaB in the 
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heavens, now forms a demonstration of the subject 
as new propositions have been added which clear 
up what were previously doubtful points. Some 
additions have also been made in Chapter I., and 
foot-notes added throughout the volume. 

London : March 27, 1885. 
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CHAPTER I. 

ON THE NATURAL COURSE OF AN INVESTIGATION OF 
THE CAUSES OF THE MOVEMENTS OF THE OCEAN. 

Besides the waves, which rise wherever the surface 
of the water is ruffled by the wind, two apparently 
distinct kinds of movement are observable in the 
ocean : the one a streaming onwards of parts of the 
ocean through itself, which is taking place more or 
less in all parts of it, and forms the ocean currents ; 
the other, a movement by which its level is con- 
stantly changing — rising in one part as it falls in 
another. This latter forms the tides, and is an 
alternate piling up and subsiding of the water, and 
not a current except where the coast line offers such 
obstruction as to cause a rush of water. 

The first impulse of practical inquirers regarding 
the causes of ocean currents seems to have been to 
attribute them to the winds, as ocular demonstration 
of their action is evident to anyone who watches the 
ocean waves which are rolled along by every breeze. 
This apparent action of the winds, together with the 
general accordance of many of the broad features of 

B 2 



4 THE OCEAN. [Book I. 

aerial and oceanic circulation, led the first investigators 
of the subject to regard them as cause and eflPect ; but 
difficulties met with by subsequent inquirers en- 
deavouring more accurately to reconcile the observed 
eflPects with this suggested cause, led to the con- 
sideration that as the burning rays of the sun are 
constantly pouring down on the equatorial waters, 
leaving those of the polar regions icy cold, the 
differences of temperature resulting fi-om this must 
also to some extent tend to cause currents, as the 
water endeavours to maintain its equilibrium. 

Those investigators who came to regard the force 
or the direction of the winds as not forming a suffi- 
cient explanation of the observed circulation of the 
ocean, suggested, as above stated, that differences of 
temperature must tend, by disturbing the equilibrium 
of the water, to cause a constant circulation between 
the equator and the poles ; and have by various 
theories endeavoured to explain the action of this 
effect in such a manner as to reconcile it with what is 
known of the actual circulation.^ According to the 
most popular form in which the temperature theory has 
been propounded, polar cold causes the water to sink in 
those regions, and thence to travel along the bottom 

* Maury, as a practical investigator, was compelled to abandon 
the idea of the circulation of the ocean being caused by the winds, 
and therefore turned his attention to the current-creating action 
of differences of temperature, but he has not attempted systemati- 
cally to trace the connection between the observed effects and the 
suggested cause. 
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of the ocean to the equatorial regions, there to rise and 
return to the poles as surface water. Recent researches 
have, however, practically refuted that theory.^ 

Neither of the foregoing causes has, however, at 
any time obtained general acceptance among men 
practically acquainted with the movements of the 

^ The above paragraph has been added to this edition, and 
the manner in which the theory alluded to has already been 
refuted by recent researches, may be judged of by the following 
extracts : — 

* From the drift of this disrupted ice we have fair evidence of 
a great bodily movement of the water northward ; for it must be 
remembered that icebergs have been fallen in with in the entire 
circumference of the Southern Seas, and that they are pushed in 
the South Atlantic ocean as far as the 40th parallel of latitude; in 
the South Indian to the 45th parallel ; and in the South Pacific 
to the 50th parallel. 

' In the discussion of oceanic circulation, it has been assumed 
that water flows from Equatorial into Antarctic areas ; there is no 
evidence, so far as I am aware, that warm surface water in the 
sense implied is found south of the 45th parallel/ — Address to the 
British Association^ September 1876, by F. J. Evans, C.B., F.R.S,, 
Captain II.N., and Her Majesty's Hydrographer. 

The motion of icebergs, above alluded to, from the pole to the 
temperate zone is against the average direction of the winds. 

*I have never seen, whether in the Atlantic, the Southern 
Sea, or the Paciflc, the slightest ground for supposing that such a 
thing exists as a general vertical circulation of the water of the 
ocean depending upon difference of specific gravity.' — Professor 
Sir Wyville Thompson's Report to the Admiralty ^ December 5, 
1875. 

For further consideration of the above question see Chapter 
VII. of The New Principles of Natural Philosophy, As heat 
acts chiefly by creating differences of specific gravity, the above 
quotation from Sir Wyville Thompson shows that the connection 
between its action and the existing circulation is not easily to be 
traced. 
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ocean. Opinion has always been divided on the sub- 
ject ; and some investigators, considering that neither 
of the foregoing causes satisfactorily explains the 
observed circulation of the ocean, have attributed the 
ocean currents to tlie axial rotation of the earth, or 
have endeavoured to connect them with the tidal 
action of the sun and moon. 

All the foregoing views appear to have forced 
themselves upon the consideration of practical inves- 
tigators. But since the days of Newton, the gene- 
rality of men most abstrusely acquainted with what 
are regarded as the higher branches of scientific 
knowledge, have absolutely rejected the tides and the 
earth's rotation from among the possible causes of 
ocean currents, considering their current- creating 
action incompatible with the accepted laws of motion. 

The laws on which their philosophy is based thus 
compel those who understand and accept those * laws 
of motion' to conclude that either the winds, or 
unequal specific gravity resulting from difiference of 
temperature or otherwise, or those two causes com- 
bined, must necessarily in some manner explain the 
circulation of the ocean. 

It is, however, evident that whatever may be the 
current-creating action of the forces above alluded 
to, the fact of the tides being clearly dependent on 
the apparent motions of the sun and moon, shows 
that a full solution of the movements of the ocean 
cannot be attained through the consideration of merely 



Chap. I.] INERTION. 7 

local causes, but requires the study of cosmical laws. 
These we will therefore take into consideration first. 
By the force of gravitation drawing towards the 
centre of the earth, the ocean is held down in the 
hollows of the earth's undulated surface, and kept 
from overwhelming what is at present dry land. 
The level of the ocean is not, however, determined 
solely by this direct force of the earth's gravitation ; 
for it is well known that the spherical form which 
that force tends to cause is changed by the earth's 
axial rotation to an oblate spheroid. It is therefore 
evident that the ocean does not partake of the earth's 
rotation by any spontaneous tendency ; but that it is 
dragged round by the surface on which it rests .^ 
As this is an unchanging influence, unceasingly act- 
ing in the same manner, its effects naturally claim 
a careful consideration before attempting to imravel 
the intricacies of those resulting from ever-changing 
causes.^ And it is well, before entering on a discus- 

* In the Treatise on Vis-Inertice the question of the existence 
or non-existenoe of any action of that force in the ocean is treated 
as a question to be solved ; whereas in this work the oblate 
spheroidal form of the earth is accepted as a suf&cient demonstra- 
tion of its action in the ocean and on the surface of the earth, 
leaving only the further amount and nature of that action to be 
ascertained. 

^ Not only is the tidal action of the sun and moon an ever- 
changing influence in respect to any given part of the ocean, but 
it is also very slight in comparison with the action of the earth's 
rotation; for the extreme effect of that tidal action is to cause, 
over a very limited area, a rise and fall of about 120 feet, where- 
as the earth's rotation maintains a constant difference of level 
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sion of eflfects resulting from tlie earth's motion, to 
commence by recalling to mind what our knowledge 
of that motion is. 

It is only recently in the historical period that 
the fact of the earth being in motion at all has been 
cleariy realised. Scarcely more than three hundred 
years ago its immobility was regarded as an obvious 
fact. That the position of the earth was fixed and 
unchanging was supposed to be demonstrated by the 
clear and simple evidence of the senses, and the idea 
of its being in motion was regarded as an oflFspring 
of intellectual aberration. 

It is true that nearly two thousand years before 
the period just mentioned some keen observers of 
natural phenomena perceived that the earth was 
actually in motion ; ^ but, though this truth was so 

betweoD the equator and the poles amounting to about thirteen 
miles ; thus giving what may practically be regarded as, an d priori 
demonstration of its paramount influence. 

^ * It was the ancient opinion of not a few, in the earliest ages 
of philosophy, that the fixed stars stood immovable in the highest 
parts of the world ; that under the fixed stars the planets ,were 
carried about the sun ; that the earth, as one of the planets, de- 
scribed an annual course about the sun, while, by a diurnal motion, 
it was in the meantime revolved about its own axis ; and that the 
sun, as the common fire which served to warm the whole, was 
fixed in the centre of the universe. 

*This was the philosophy taught of old by Philolaus, Aris- 
tarchus of Samos, Plato in his riper years, and the whole sect of 
the Pythagoreans ; and this was the judgment of Anaximander, 
more ancient than any of them; and of that wise king of the 
Homans, Numa Pompilius, who, as a symbol of the figure of the 
world, with the sun in the centime, erected a temple in honour of 



Chap. I.] INERTION. 9 

long ago apparent to the bright genius of those 
ancient philosophers, it was at variance with the 
common sense of mankind, and was therefore dis- 
carded as a fanciful delusion until, in the sixteenth 

Yesta, of a round form, and ordained perpetual fii*e to be kept in 
the middle of it. 

' The Egyptians were early observers of the heavens ; and from 
them, probably, this philosophy was spread abroad among other 
nations ; for from them it was, and the nations about them, that 
the Greeks, a people of themselves more addicted to the study of 
philology than of nature, derived their first, as well as soundest 
notions of philosophy : and in the vestal ceremonies we may yet 
trace the ancient spirit of the Egyptians ; for it was their way to 
deliver their mysteries, that is, their philosophy of things above 
the vulgar way of thinking, under the veil of religious rites and 
hieroglyphic symbols. 

' It is not to be denied but that Anaxagoras, Democritus, and 
others, did now and then start up, who would have it that the earth 
possessed the centre of the world, and that the stars of all sorts 
were revolved towards the west about the earth, quiescent in the 
centre, some at swifter, others at a slower, rate. 

* However, it was agreed on both sides that the motions of the 
celestial bodies were performed in spaces altogether free and void 
of resistance. The whim of solid orbs was of later date, introduced 
by Eudoxus, Calippus, and Aristotle ; when the ancient philosophy 
began to decline, and to give place to the new prevailing fictions 
of the Greeks.'— Newton's System of the World, 

It has been said that the Druidical ruins in Britain show that 
their builders knew of the true arrangement of the solar system ; 
but, as far as I am aware, this idea is not supported by sufficiently 
reasonable arguments to allow of its being regarded as more than a 
vague conjecture. It must, however, be admitted that the ignorance 
which subsequently prevailed throughout the country is not a valid 
argument against antecedent knowledge ; for we see that the degene- 
racy of knowledge in Rome was such, that the successors of Numa 
Pompilius imprisoned Galileo and others for asserting the truths 
which formed the basis of the ceremonies for the celebration of which 
the temple of Vesta, in the same city, was built by that ' wise king.* 
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century, Copernicus published his cosmical theory, 
maintaining that the earth rotates each day on its 
axis, and revolves each year round the sun. 

Even then these views met with no ready accept- 
ance. And after the publication of the theory of 
Copernicus, one of the greatest of philosophers, Des- 
cartes, was at great pains to explain how, when, in 
describing his system of the world, he spoke of the 
earth moving, he did so improperly, and only for the 
sake of simplifying the explanation of an hypothesis : 
and he argued that, even supposmg his cosmical 
hypothesis to be true, even then, speaking in a proper 
sense, the earth did not really move. 

These men, with Kepler, Galileo and others, paved 
the way for Newton, who, immediately after Descartes, 
enforced the theory of the axial rotation and orbital 
revolution of the earth with such clearness and pre- 
cision that the belief in these motions gradually 
extended until they at length became generally 
accepted as incontrovertible facts. 

These two motions of the earth, re-discovered by 
Copernicus — namely, the diurnal motion of rotation 
on its axis, and the motion by which it is annually 
revolved in its orbit round the sun, are the only 
great movements of the earth of which we have, 
even at the present day, a definite knowledge. But 
besides these motions, a third great movement was, 
towards the close of last century, pointed out by Sir 
William Herschel, who showed that not only is the 
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earth moving round the sun, but that the sun, carry- 
ing with it the earth and the whole solar system, is 
itself moving along among the fixed stars. But 
though astronomical observations have demonstrated 
the existence of this motion, neither its direction nor 
its velocity has been clearly defined ; and as regards 
any motion which the solar system may, for aught 
we know to the contrary, partake in common with 
the stellar system, the distance to which our range 
of vision has been extended by the telescope is not 
sufficient to enable us to obtain any direct informa- 
tion from the science of astronomy.^ 

^ In the treatise on Yis-InertisB already alluded to, as also 
in this work, it is, however, shown that the evidences of the action 
of vis-inertise in the ocean indicate a motion of the earth south- 
wards ; and that the indications of the action of that force in the 
outer crust of the earth corroborate the evidence of the ocean 
currents. Those effects may be treated as if resulting from the 
motion of the solar system. For, the effects of motion as shown 
by tides, currents, and winds, will be the same whether those 
effects result simply frt)m a motion of the solar system in the 
direction of the south pole, or be the average result of a 
motion of the solar system in the direction of the north 
pole combined with a motion of a more extensive system 
with a greater velocity in the opposite direction. That is to 
say, as far as the present question is concerned, those effects 
might either result from a motion of the solar system by which 
the earth is moved together with that system; sweeping along 
among the stars which compose the visible part of the universe, 
and so changing its position among those stars ; or, they might 
be the result of a motion of the whole stellar system, in which 
the earth, the sun and the stars, equally partake as particles of 
that system ; the motion demonstrated in the direction of the 
south pole being, in such case, a majestic movement in which the 
whole visible universe is travelling onwards in that direction. 
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For the elucidation of the eflfects of the motion of 
the earth, we have the well-known fact that when- 
ever a vessel containing water is set in motion,, the 
water which it contains has a tendency to move along 
its surface in the opposite direction to that in which 
it is moved.^ 

And, since astronomical observations appear to have shown that 
the solar system has a motion among the stars by which it is 
carried along in the direction of the northern hemisphere, we are, 
if those observations be reliable, compelled to the conclusion that 
in the same manner as that in which, when the moon is inside the 
earth's orbit, the lesser velocity of its orbital motion round the 
earth is lost in the greater velocity of the orbital motion in which, 
together with the earth, it is carried round the sun ; so also, in a 
similar manner, must the velocity of the motion in which the solar ' 
system is carried northwards among the stars, be lost in the 
greater velocity of a motion in which, together with the stars, it is 
moving southwards. 

^ The argument of the Treatise on Vis-Inertice does not allow 
of this illustrative case being assumed to be analogous to that of the 
earth and its ocean ; and though I have in the present work con- 
sidered it reasonable to admit, as stated on page 4, that the oblate- 
spheroidal shape resulting from the earth's rotation is evidence of 
the conditions in the two cases being analogous, the demonstration 
required, as stated in the following extract from the first chapter 
of the above-mentioned treatise, is in fact given in this work 
also ; and the Second Part of that demonstration has been given in 
much more detail in The New Principles of Natural Philosophy : — 

* As we do not know in what manner the force which causes 
any known motion of the earth acts upon the earth, we cannot 
assume that by that motion any action of vis-inertise is brought 
into play in the ocean, but the very existence of such action 
is necessarily a subject for demonstration, and cannot logically be 
inferred or denied, by analogy, from any known phenomena. 

* The subject, therefore, naturally divides itself into two parts. 

* First, by theoretical deduction to demonstrate hypothetically 
the action of vis-inertise : 
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This is a simple law of nature : — though the vessel 
containing the water is set in motion, the water tends 
to maintain its position, and therefore has a relative 
motion over the surface of the vessel in the opposite 
direction to that in which the vessel is moved. 

We need not immediately investigate the abstract 
nature of the force which tends to cause this relative 
motion of the water, for it is sufficient, as far as our 
present purposes are concerned, that it is a simple 
matter of fact that, in the case just mentioned, the 
water has a tendency to maintain its position ; and 
that therefore, when the vessel which contains it is 
moved, the force which tends to hold the water in 
that position tends also to cause it to move along the 
surface of the vessel in the opposite direction to that 
in which the vessel is moved ; and that this force— 
which indisputably does exist, be its abstract nature 
what it may— is termed Vis-inerti». 

In the consideration of the forces which keep the 
ocean in motion, we are, for the reasons given above, 
called on to give precedence to the action of this 
force of inertion, or vis-inertiaD. 

* Secondly, by practical investigafcion to ascertain whether or 
not there exist in the ocean such movements as may, in the first 
part, be demonstrated to be the natural result of the action of vis- 
inertice. 

*If the practical investigations show the existence of move- 
ments in the ocean clearly according with the theoretical deduc- 
tions, we may then, in the absence of any other reasonable cause 
being adduced, conclude that vis-inertice is the cause of those 
movements.' 
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CHAPTER 11. 



KFPBCTS OF THE EARTH's AXIAL ROTATION. 



PART I. 

GENERAL EFFECTS. 

SmCE the motion of the earth's surface round its axis 
is from west to east, any existing action of vis- 
inertiee must therefore, according to the foregoing 
illustration, tend to cause the water which Kes on the 
Bur&ce to move along that surface from east to west. 
That is — a pressure is created acting in the opposite 
direction to that in which the surface of the earth is 
moving, giving the water a tendency to stream round 
the earth from east to west. 

This westward pressure, imparted to the ocean 
by the rotation of the earth eastwards on its axis, 
is obviously a fixed and unchanging influence ; for 
the earth is constantly rotating at the same rate and 
in the same direction round its axis of rotation. 

And, since the speed at which the surface of the 
earth rotates at the equator is more than a thousand 
miles an hour and at the poles nothing, all interme- 
diate gradations of speed lying evenly between the 

c 
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equator and the poles, it is obvious that the force of 
westward pressure imparted to any given mass of 
water lying about the equator is greater than that 
imparted to an equal mass of water lying about the 
poles. 

And also, since the velocity of rotation at the 
surface of the ocean is greater than at the bottom ; 
therefore in all parts of the ocean the westward 
pressure imparted to the water at the surface is 
greater than that imparted to the water lying be- 
neath it. 

In order to illustrate the action of these unequal 
forces when brought into conflict, let it be observed 
that : if an ordinary globe be held by its stand and 
be, with a rapid motion, moved in a curve line in a 
plane at right angles to the axis of its poles, as 
from D to E in Plate III., then, if the onward motion 
be suddenly arrested, the globe will rotate on its 
axis ; the axial rotation being in the direction ahbl. 

This motion of rotation results from the in- 
equality of the forces of onward impetus generated 
on the sides A and b by the movement of the globe 
in a curve line from d to e. 

For the curve line a a is similar to, but greater 
than, the curve line b b : and, as the point A describes 
the curve line A A in the same time that the point b 
describes the curve line b b, therefore the velocity of 
the point A is greater than that of the point b ; and, 
on the onward motion of the axis being arrested, the 
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momentum which has been generated by that motion 
tends to carry the point a round the axis in the di- 
rection A H B L ; the momentmn generated at the point 
B tending at the same time to carry the point b 
round the axis in the opposite direction, that is, in 
the direction bhal. The forces generated on the 
sides A and b are thus brought into conflict : the 
lesser force, b, must of necessity yield more or less, 
in accordance with the relation which the opposing 
forces bear to each other : and thus the greater force 
of the side A imparts a motion of rotation to the 
globe in the direction A h b l. 

Also : since in streams of water the greatest force 
is in the central parts of the streams ; therefore, 
wherever a stream is obstructed, the greater force of 
the central part of the stream overwhelms the lesser 
forces on each side ; so that the stream divides, 
branching off right and left from the point of ob- 
struction. 

And for the same reason, also, when two streams 
meet, there must be offsets branching off in opposite 
directions from the meeting-points. 

In the case of the overwhelming of lesser forces 
by greater forces, exemplified above in connection 
with Plate III., the check to the onward motion is 
given at the central axis ; so that the quantities of 
motion brought into conflict are of necessity unequal ; 
for the masses of matter brought into conflict may, 

c 2 
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as far as our present purposes are concerned, be con- 
sidered equal in volume, and the velocity of one of 
those equal masses is greater than the velocity of the 
other. 

But, in the case of a stream of water meeting with 
an obstruction in its course, where the different parts 
of the water are moved with unequal velocities ; the 
check given to the onward motion which brings those 
unequal velocitfes into conflict, is not given as in 
Plate III. at a central axis, necessarily bringing a 
volume on one side of the axis into conflict with an 
equal volume on the other side, but this check is given 
at the end of each line of motion ; so that, although 
unequal velocities are brought into conflict, yet, as 
fer as the demonstration in connection with Plate III. 
is concerned, there might nevertheless be no over- 
whelming of lesser forces by greater forces ; because, 
by a greater volume of the water moved at the lesser 
velocities opposing itself to a lesser volume of that 
moved at the greater velocities, the quantities of 
motion brought into opposition might be equalised ; 
thereby preventing the overwhehning of lesser forces 
by greater forces in the manner demonstrated in 
connection with Plate III. 

But that, though the onward motion of the fluid 
be checked at the end of each line' of motion, there 
will nevertheless be an overwhelming of lesser forces 
by greater forces, may be demonstrated by holding a 
goblet containing water in an inclined position, as in 
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Plate IV. figure 1, and then, with the point A as a 
pivot, bringing it into an upright position as in figure 
2. In this case the central line of motion, b c, over- 
whelms the lines of lesser force, fg and hi in 
figure 3, on each side ; and sets the fluid in motion 
in the directions B c G f b and b c i h b. And also, 
the surface line of motion, b c, overwhelms the line 
of lesser force, d e, in figure 2, at the bottom of the 
fluid ; causing a motion in the direction b c e d b. It 
is then evident that where unequal forces are brought 
into conflict the lesser force must yield. And we 
have seen that the force of westward pressure is 
greater in equatorial than in polar regions ; and also 
greater at the surface than at the bottom of the 
ocean. These inequalities in the force of westward 
pressure result fi^om the inequalities in the velocity 
of rotation in those parts of the ocean. And we will 
now consider how these unequal forces are brought 
into conflict, and what movements result fi-om their 
conflicting action. 

This westward pressure would obviously give the 
water a tendency to change its meridian westwards 
by the shortest route ; that is, to make as much 
westing as possible in any given space traversed. 
And, as the earth's equatorial diameter is greater 
than its polar diameter, this shortest route westwards 
is not in lines running due west, but in lines diverg- 
ing fi-om the equator somewhat northwards and 
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southwards. This divergence from the equator im- 
plies a change of latitude : therefore a tendency to 
cause a change of latitude is an attribute of west- 
ward pressure. 

And change of latitude has itself two important 
attributes whose action in the atmosphere was clearly 
recognised by George Hadley as affecting the course 
of the Trade Winds ; but whose action in the ocean 
appears to have been first pointed out by Captain 
Maury, as affecting the course of the Gulf Stream : 
that is, that a tendency to change of meridian east- 
wards is an attribute of such change of latitude 
as causes an increase of equatorial distance ; and 
that a tendency to chaage of meridian westwards 
is an attribute of such change of latitude as causes 
a decrease of equatorial distance. 

For, since the velocity with which the surface of 
the earth rotates at the equator is upwards of a 
thousand miles an hour and at the poles nothing, 
therefore, in any change of latitude in a direction 
leading from the equator towards either of the poles, 
that which changes its latitude has a faster eastward 
momentum than that which belongs to the latitude 
into which it enters, and will consequently have a 
tendency to change its meridian eastwards. Whereas 
in any change of latitude in a direction leading from 
the poles towards the equator, that which changes 
its latitude has not so fast an eastward momentum 
as that which belongs to the latitude into which it 
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enters, and it will consequently have a tendency to 
change its meridian westwards. 

In the former case, that which changes its latitude 
rushes on in advance of the latitude entered ; and 
in the latter case, the latitude entered rushes on in 
advance of that which enters it. The former may be 
called a tendency to run eastwards, and the latter 
a tendency to fall westwards. 

The change eastwards is in fact a tendency of the 
water to part from, or run on in advance of, a surface 
of less velocity ; and the change westwards, a falling 
of the water against a surface of greater velocity with 
which the change of latitude brings it into contact.^ 

^ It is greatly to be regretted that it haa become customary to 
use terms, in reference to the direction of ocean currents, in exactly 
the opposite sense to that in which the same terms are used in re- 
ference to the winds. This custom is so firmly established that, 
as the advantages to be gained by altering it are not perhaps 
sufficient to repay the temporary confusion consequent on a change 
in the use of terms, the idea of changing the custom cannot perhaps 
be entertained ; though a judicious use of terms has more to do 
with the progress of any science, than is perhaps generally supposed. 
In speaking of the wind, the terms used denote the direction from 
which the wind blows ; whereas, in speaking of ocean currents, the 
terms used denote, not the direction /rom which the current runs, 
but that towards which it runs. Thus an easterly wind denotes a 
wind running from east to west, but in the ocean an eOfSterly current 
denotes a current running from west to east. In order, in some 
measure, to obviate the confusion which this injudicious use of 
terms tends to cause, I have invariably used the termination ' ward * 
instead of * ly, in reference to ocean currents, so that as an easterly 
wind denotes a wind running from the east, an eastward current 
denotes a current running towards the east. The ordinary use of 
these terms has been so confused, and their relative meanings so 
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PART n. 

EFFECTS IN AN OCEAN COVEEINO THE EAETH. 

Let US now consider the action of a westward 
pressure of the nature we have described, if acting 
in an unbroken expanse of water covering the surface 
of the earth and unobstructed anywhere by land. 

Its tendency is to set the water in motion from east 
to west. And we have shown that the water thus set in 
motion tends to diverge from the equator on both sides* 

K there be no obstruction in its course, this 
tendency to diverge will be equal at all points of the 
equator. 

But it is clear that no stream can diverge from 
the equator unless a supply be brought to the equator. 
There cannot at any point be diverging streams 
unless at some other point there be converging 
streams. And if the diverging tendency be equal 
on every meridian, there is no reason why any one 
meridian should jdeld rather than any other. And 
therefore, unless it be possible to obtain a supply for 
diverging streams by some other means than the 
yielding of the diverging tendencies of one meridian 

ill-defined even by the best authorities, that the distinction which I 
have here made does not interfere with any previous definition of 
their relative significations. 

For the sake of further distinction and clearness in the use 
of terms, I have used the termination ' wards * instead of * ward ' 
when referring adverbially to the coiu*se of the currents. 
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for the supply of those of another, the streams must 
run due west right round the world in every lati- 
tude. In such case westward pressure would be 
acting due west in all parts of the ocean, and none 
of its attributes would be brought into play. 

Since, however, we have shown that lesser forces 
must yield to greater forces, and, since the force of 
westward pressure is greater at the surface than at 
the bottom of the ocean, therefore, though no one 
meridian will yield to any other, the diverging ten- 
dency of the lower strata of water must yield on 
every meridian to the greater force of the upper 
strata ; so that the lower strata would consist of 
converging streams, which, at the point of conver- 
gence, must rise upwards to supply the diverging 
streams of the upper strata. 

Thus in the lower strata converging streams 
would be running towards the equator at aU points 
from the north-east and south-east, and in the upper 
strata diverging streams would be running from all 
points of the equator towards the north-west and 
south-west. 

It is clear that the streams of the upper strata 
must supply those of the lower. Let us consider 
what course they must pursue between their depar- 
ture from and their return to the equator. 

It is obvious that the streams of the upper strata, 
running from the equator at all points, must, as they 
proceed on their course, become compressed in con- 



26 THE OCEAK. [Book H. 

sequence of the decrease in the circumference of the 
earth in the latitudes which they are simultaneously 
entering. Now, as far as the forces at present under 
consideration are concerned, there is no reason why 
the stream on any one meridian should yield rather 
than that on any other meridian ; and therefore, the 
only manner in which the course from the equator 
could be continued would be by an increase in either 
the depth or the velocity of the strata in inverse 
proportion to the decrease in the circumferences of 
the consecutive latitudes. But gravitation will 
obviously prevent an increase of depth more than 
sufficient to carry the streams onwards a moderate 
distance beyond the latitude at which compression 
commences ; and that tendency to run eastwards, 
which increases in proportion with any increase of 
velocity, will just as obviously prevent the increase 
in the velocity of their course from the equator 
which would be necessary to carry the whole volume 
of the streams onwards towards the poles. And 
therefore, since there cannot be either an increase of 
depth, or an increase of velocity sufficient to carry 
the streams onwards towards the poles, and since the 
stream on any one meridian will not yield to allow 
of that on any other meridian proceeding, the pole- 
ward course of the upper strata must cease equally 
on every meridian. The streams of the upper strata 
must gradually descend on every meridian into the 
lower strata, where, on reaching the surface of the 
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earth, they must divide in opposite directions. The 
one division in each hemisphere will obviously form 
the streams which in the lower strata run towards 
the equator at all points from the north-east and 
south-east ; and the other division in each hemi- 
sphere, turned towards the poles, being under that 
influence of change of latitude which tends to carry 
it eastwards, forms streams in the lower strata flow- 
ing through the temperate zones, and curving east- 
wards in their course towards the poles — that is, 
forming currents running from south-west towards 
north-east in the northern hemisphere, and from 
north-west to south-east in the southern hemisphere. 
Now it is clear that the decreasing circumference 
of the earth must sooner or later act upon these 
streams running from the temperate zones towards 
the poles in the lower strata, in the same manner 
as upon the streams running from the equator to- 
wards the poles in the upper strata, and therefore 
they must gradually, having no other means of pro 
gressing, turn upwards into the upper strata, through 
which they must return southwards, until, meeting 
with the streams flowing from the equator in that 
upper strata, they form complete circuits of rotation 
between the temperate zones and the poles — the 
streams of the lower strata running eastwards in 
their course towards the poles, and those in the 
upper strata running westwards in their course from 
the poles. 
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PAKT III. 

KFFKCT8 IK AV OCEAN SrBBOUKDED BY LAKD. 
Bbctiow I. — Equatorial and Polar Districts, 

The course of the currents just described is that 
which would result from the action of westward 
pressure if acting in an ocean covering the surfece 
of the earth and unobstructed anywhere by land. 

' This circulation is demonstrated by a shorter mathematical 
argument in Chapter III. of The New Principles of Natttral 
PhiloMopJty ; which does not, however, so well serve as a basis 
for the subsequent details. See also, farther on in this volume, 
Cliai/ier XXI., Proposition XXVII. 
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We will now, before applying its action to the 
ocean as it actually exists, consider its eflfects if acting 
in an ocean running north and south from pole to 
pole, and bounded east and west by an unbroken 
barrier of land. And we will first consider the 
effects resulting in such an ocean from the obstruc- 
tion formed by the barrier of land, apart from the 
effects resulting from the difference in the relative 
forces at the surface and bottom of the ocean, and 
also all effects of friction. 

Let NWSE, in Plate VI., be such an ocean as 
above described, e w the line of the equator, n the 
north pole, and s the south pole. 

Now, if the forces of westward pressure were 
equal on each parallel of latitude, it is obvious that 
the only effect which could result from its action 
would be a change in the position of the water — 
that is, the level of the ocean would be depressed on 
the eastern and raised on the western side of the 
ocean. 

Since, however, the force of westward pressure 
is greatest at the equator, and decreases from the 
equator towards the poles in proportion with the 
decreasing circumference of the parallels of latitude, 
.nd emce h^ foroes mu.. yield to greater force, ; 
therefore, the force of westward pressure created in 
the equatorial regions must overwhelm the* lesser 
forces north and south, and drive the water eastwards 
through latitudes at some certain distance from the 
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equator on both sides. And this water, by returning 
to the equator from the north and south on the 
eastern side of the ocean, would form a supply for the 
greater force of westward pressure about the equator. 

Thus the waters of the ocean would be set in mo- 
tion westwards in the equatorial regions ; northwards 
and southwards from the equator towards the tem- 
perate zones on the western side of the ocean ; 
eastwards through the temperate zones ; and from the 
temperate zones towards the equator on the eastern 
side of the ocean. 

The action of westward pressure, under con- 
sideration, would not, however, simply tend to form 
these two revolving currents — one lying on each side 
of the equator ; for, the water turned northwards and 
southwards from the equator on the western side of 
the ocean, comes under the influence of change of 
latitude, which, as it is increasing its equatorial dis- 
tance, gives it a tendency to run eastwards ; and 
therefore, instead of sweeping from the equator all 
along the western coast, and then back to the 
equator along the eastern coast, it must, at some 
certain distance from the equator, diverge eastwards 
from the western coast and flow through the ocean 
to strike upon the eastern coast. Dividing upon the 
eastern coast, one portion in each hemisphere forms 
the stream running from each temperate zone towards 
the equator ; and the remainder in each hemisphere 
is turned along the eastern coast from each of the 
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temperate zones towards the poles. These streams 
on the eastern side of the ocean, flowing from the 
temperate zones towards the poles, are under that 
influence of change of latitude which tends to carry 
them eastwards, and they must therefore tend to 
follow the course of the coast, until, after sweeping 
through the polar regions, they appear on the western 
side of the ocean as streams flowing from the poles 
towards the equator. And as on the western coast, 
flowing towards the equator, they come under that 
influence of change of latitude which tends to carry 
them westwards, they must therefore tend to follow 
the course of the western coast, until they meet the 
streams flowing from the equator on that coast. 
Thus the streams turned polewards from the tem- 
perate zones, on the east side of the ocean, rejoin 
their parent streams on the west side of the ocean, 
forming contiguous streams encircling each of the 
polar districts of the ocean. And thus, therefore, 
the ocean is divided, as far as its currents are con- 
cerned, into four separate districts, each encircled by 
a revolving current — an equatorial and a polar dis- 
trict being formed on each side of the equator, as 
shown in Plate VI. 

Section II. — EquatoHdl Cotrnter-Currents, 

We have, however, as yet, in this ocean, applied 
only that action of westward pressure which results 
from the difiference in the relative forces of that 
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pressure acting along the different parallels of lati- 
tude, leaving out of consideration altogether the 
difference between the forces acting at the surface 
and at the bottom of the ocean. Let us now con- 
sider the effects of the opposing action of these latter 
unequal forces. Their tendency is to cause the 
great westward stream in the equatorial regions to 
diverge from^;he equator on both sides ; and there- 
fore, that stream may be considered as consisting of 
two separate portions, the one tending to run west- 
wards and northwards, the other westwards and 
southwards. And, therefore, on meeting with the 
obstruction on the western side of the ocean, it is in 
fact not one stream but two streams ; each of which 
streams must, on meeting with the obstruction, divide 
to the right and left ; so that the left-hand division of 
the northern and right-hand division of the southern 
stream would meet and turn each other back east- 
wards, as shown in Plate VII. And this current 
running from west to east would, for whatever dis- 
tance it might run, divide the northern from the 
southern portion of the great equatorial current 
running from east to west, and would to some extent 
supply the diverging tendencies of that stream. 

Thus the inequality between the forces of the 
upper and under strata tends to cause a counter-cur- 
rent to run eastwards, dividing the north from the 
south equatorial district. 
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Section III. — Indmation of the Axis of Rotation, 

But it is clear that the eflfects resulting from the 
inequality between the forces of the upper and under 
strata cannot possibly be such as to tend in any way 
to obliterate or even to change the positions of the 
districts shown in Plate VI. and just described in this 
chapter ; for those districts are precisely analogous 
to those which would be formed by a system of upper 
and under currents if westward pressure were not 
deflected by obstructions lying in its course. That 
is to say, they are analogous to the polar and equa- 
torial zones described in the second part of this 
chapter and illustrated in Plate V. Those zones 
result from a necessary overwhelming of the lesser 
forces of the lower strata by the greater forces of the 
upper strata, in case of no obstruction occurring to 
deflect westward pressure from its natural course. 
And, m fact, since the deflection of that pressure 
does not change the relation of the forces of the 
upper and lower strata to each other, therefore the 
fact of westward pressure being deflected by the 
obstruction formed by coast-lines will not obviate 
the necessity of an overwhelming, to a greater or 
lesser extent, of the lesser forces of the lower strata 
by the greater forces of the upper strata ; and there 
must therefore be formed, notwithstanding the de- 
flection of westward pressure, in every ocean, a 
system of upper and under currents analogous to 

D 
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that exemplified in Plate V. And, since the de- 
flection of westward pressure by coast-lines must 
cause an overwhelming of the lesser forces of the 
polar regions by the greater force of the equatorial 
regions, there must therefore, in every ocean, be a 
combination of these two systems of circulation. 
That is to say, there must be a horizontal circula- 
tion resulting firom the overwhelming of the forces of 
the polar regions by the force of the equatorial re- 
gions ; and also a vertical circulation resulting fi'om 
the overwhelming of the force of the lower strata by 
the force of the upper strata. As the one system 
tends to cause each district to rotate round a vertical 
axis, and the other system tends to cause it to rotate 
round a horizontal axis, their combined action must 
cause it to rotate round an inclined axis ; and the 
inclination of this axis will incline more towards 
either a vertical or a horizontal line, according as 
the relative force of the one or the other system of 
circulation may preponderate in any district. Since 
the currents west of the vertical axes conform to 
those above the horizontal axes, and the currents 
east of the vertical axes conform to those below the 
horizontal axes, the inclination of the axes resulting 
from their combined action must therefore be from 
west at the bottom of the ocean to east at the surface, 
as shown in Plate VIII. And, in this inclined cir- 
culation, since the ocean must preserve its level, the 
inclination of the axes necessitates an elongation of 
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the circles of rotation in the direction in which the 
axes are inclined. And, since this inclination of 
the axes is from west at the bottom of the ocean 
to east at the sm'face ; therefore, the elongation of 
the circles of rotation is westwards from the axes 
at the surface of the ocean, and eastwards from the 
axes at the bottom of the ocean. And thus, instead 
of the circles of rotation resulting from either the 
horizontal or the vertical forces, their combined action 
causes the revolving currents enclosing each district 
to tend to describe ellipses of rotation. 

It thus appears that, setting aside the contortions 
caused by coast-lines, the combined action of the 
forces of vertical and horizontal circulation gives 
the currents which encircle each district a natural 
tendency to revolve in elliptical courses. 

Section IV. — Surface Currents unthin the Districts, 

Let US now consider how the combined action of 
these forces will affect the surface currents contained 
within each district. 

Let NWSE, in Plate IX., figure 2, be a north 
equatorial district. 

Under the sole influence of the horizontal circu- 
lation, the currents would all simply describe con- 
centric circles of rotation round a central axis. 

And, under the sole influence of the vertical cir- 
culation, the entire surface of the district would 
consist solely of currents running in parallel lines 

D2 
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from the equator ; the circles of rotation being 
completed by under currents flowing towards the 
equator. 

But, under the combined action of the forces 
which tend to cause these systems of circulation, the 
water which on the west of the district is turned 
from the equator by the horizontal force, necessarily 
comes into conflict with that tending to diverge all 
along the line of the equator under the action of 
the vertical force. The streams ob, in figure 1, 
diverging under the action of the vertical force, must 
then be borne back by that under the action of 
the horizontal force A b c, until, by the accumulation 
of the streams o R, they form a stream equal in force 

to ABC. 

Let the point x, in figure 2, be the meeting-point 
of the opposing streams thus formed. 

Then the stream A b c meets the stream o R at x ; 
and from the meeting-point at x the off^set n falls 
into the course of the rotation of the district s w n e ; 
but the off^set e, running in the opposite direction, 
must come into conflict with that course of circu- 
lation. 

Let Y be the point at which the stream e meets 
the stream s w n e. 

Then from the meeting at y the ofi^et f falls into 
the course of rotation s w n e ; but the offset h, 
running in the opposite direction, must come into 
conflict with the course of rotation s w N e. 
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Let z be the point at which the stream H meets 
the stream s w n e. 

Then from the meeting at z the offset i falls into 
the course of rotation s w N e ; and the offset e falls 
into the course of the stream oe, forming an un- 
broken course of circulation, which may be termed 
the natural course of the surface currents within each 
district. 

Since the streams A b c and o e both tend east- 
wards in their course from the equator, and the stream 
E H tends westwards in its course to the equator, the 
latter must, sooner or later, after leaving the point x, 
be thrown against the stream A b c, and then be 
forced eastwards, running counter to that stream as 
far as the point at which the stream o e diverges 
from it. 

Section Y. — Vertical Circulation within the Districts. 

Now the axis of this district being ' inclined as 
before described, it is clear that about the central 
parts of the district an under current must be run- 
mng southwards, whilst the surface above it is flow- 
ing northwards. Let us consider how this is effected. 
The point x (Plate IX., figure 2), as already de- 
scribed, is that at which the opposing streams A B c 
and o E meet with equal force as surface currents. 

But, since the stream A b c is that which is de- 
flected by the coast-line, which deflects the whole 
mass of water from the surface to the bottom of the 
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ocean ; whereas the stream o b results fipom the yield- 
ing of the lesser force of the lower strata to the 
greater force of the diverging tendency of the upper 
strata ; therefore, although at the surface of the ocean 
the stream a b c is effectually resisted by the stream 
o R, it will nevertheless meet with no such resistance 
in the lower strata ; but, in proportion as the force 
of the stream or diminishes beneath the surface, 
it wiU be underrun by the stream a b c ; and at the 
bottom of the ocean, not only will the stream a b c 
meet with no resistance from or, but under the 
action of the vertical forces of circulation, its south- 
ward course as an under current will be accelerated 
until it completely underruns o R, and reappears at 
the surface in the equatorial regions. 

Section VI. — Under-CurrenU wUhm the Districts. 

Thus, whilst opposing the stream o R on the sur- 
face of the ocean, the stream A b c joins the course of 
the streams flowing towards the equator at the bot- 
tom of the ocean. But though A b c joins the course 
of those streams at the bottom of the ocean, they are 
thrust away by it from the western part of the dis- 
trict j list as the streams o R are on the surface ; and 
therefore by this conflicting action a counter-current 
must be formed at the bottom of the ocean, running 
counter to the stream nesw, under the axis of 
rotation inversely as eh runs counter to it on the 
surface. 
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Section VII. — Difference in the Action of Counter -Currents 
in Equatorial and Polar Districts, 

The conflicting action of the forces of vertical 
and horizontal circulation in the polar districts must 
tend to form counter-currents analogous to those of 
the equatorial districts ; but in them those currents 
will tend to run against the central streams instead 
of against that which encircles the district. 

Section VIII, — Connecting Currents between Equatorial and 

Polar Districts. 

Referring to Plate VI., it will be seen that the 
equatorial stream A b c meets a polar stream pouring 
down upon it from the north in the neighbourhood 
of c ; so that, in fact, as the stream a b c opposes o B 
on one side, it also opposes the polar stream e c 
(Plate VI.) flowing from the opposite du-ection on the 
other side. The southward course of the polar 
stream EC (Plate VI.) is obstructed on the surface 
of the ocean by the equatorial stream A b c ; but we 
have seen that, in consequence of the action of the 
vertical force of circulation, the equatorial stream 
ABC offers no obstruction to the southward course 
of the polar stream in the lower strata. The lower 
strata of the polar stream E c (Plate VI.) must there- 
fore continue their course southwards as an under 
current ; to some extent joining the lower strata of 
the stream a b c as it imderruns the course of the 
surface stream or, in the opposite direction, and 
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rising to the surface in the equatorial regions under 
the action of the force of vertical circulation ; which 
latter necessitates a circulation from the equator at 
the surface and towards the equator at the bottom of 
the ocean in the central parts of the district s w n e, 
in Plate IX., just as the horizontal force necessi- 
tates a circulation from the equator on the west and 
towards the equator on the east side of the district. 

Thus a constant circulation between the equa- 
torial and polar regions is caused, for as the polar 
stream e c D is carried southwards, displacing the 
stream a b c in the lower strata, an equal volume of 
the stream A b c must be thrown into the course of 
the stream c d e in the upper strata. 

Section IX. — Subdivision of Districts, 

The course of the currents which we have 
described in connection with Plate IX. we have 
termed the natural course of the currents within the 
district; but in fact it is clear that instead of the 
horizontal force of circulation being contained in one 
stream and meeting the vertical force, also in one 
stream, as at x, there might, by the horizontal force 
being partially deflected by obstructions in its course 
before reaching the west side of the ocean, be many 
such meeting-points formed within a district, all 
being nevertheless of a similar nature : but, since the 
number of these meeting-points in any district must 
be determined by the configuration of the coast-lines 
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and bottom of the ocean, this is a question to be con- 
sidered in the practical investigation of the move- 
ments of the ocean. 



PAET IV. 

EFFECTS IN THE OCEAN AS IT IS. 

In the actual configuration of land and water on 
the surface of the earth, there are, as &r as westward 
pressure is concerned, two great force-creating re- 
gions in the ocean — one the equatorial region of the 
Atlantic, the other that of the Pacific and Indian 
Oceans. The Pacific and Indian Oceans, being con- 
nected in the force- creating regions, must be re- 
garded as subdivisions of the same district : and, as 
pointed out in the preceding part of this chapter, 
barriers of islands, or ridges over which the water is 
comparatively shallow, form other subdivisions, theo- 
rectically similar, though not so distinctly marked as 
that which forms the Indian Ocean. 

In the northern hemisphere, the comparatively 
unimportant opening of Behring's Strait being the 
only communication between the Pacific and Atlantic 
Oceans, we have two oceans which, as shown in the 
chart on Plate II., should each contain an equatorial 
and a polar district of currents analogous to those 
whose formation has been described in Part III. of 
this chapter, and illustrated in Plate VI. 
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The basin of the Arctic Ocean thus forms a part 
of the Arctic district of the Atlantic Ocean : and, 
therefore, the stream which on the eastern side of 
the Atiantic flows northwards firom the temperate 
zone enters the Arctic Ocean on the eastern side of 
the Atiantic, and flows firom the Arctic Ocean on the 
western side of the Atiantic. And, in consequence 
of the inclination of the axis of the district before 
explained, the stream which enters the Arctic Ocean 
passes under the axis, and that which flows fi^om the 
Arctic Ocean passes over the axis ; and therefore, all 
along the, coast which lies east of the entrance fix)m 
the Atiantic to the Arctic Ocean, the surface water 
sets fi-om the coast ; and, all along the coast which 
lies to the west, the surface water sets against the 
coast : this is so because the stream which enters 
the Arctic Ocean is naturally an under current, and 
is forced to the surface by the obstruction formed 
by coast-lines, as shown in Plate X. 

In the southern hemisphere the oceans communi- 
cate freely through the comparatively wide and deep 
expanse of water lying between Cape Horn and the 
South Shetiands in the one direction, and in the 
other direction the communication beyond the tropics 
is still more free. Besides this, there is a vast extent 
of earth's surface in high southern latitudes which 
has not yet been explored, and which may therefore, 
as far as our knowledge from actual observation is 
concerned, consist of either land or water. Since, 
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however, the Antarctic voyages of discovery under 
Sir James Ross and Captain Wilkes have shown the 
existence of a considerable tract of land in high 
southern latitudes, I will proceed with this theo- 
retical consideration of the action of vis-inertiae 
under the supposition of an Antarctic Continent of 
considerable extent existing in the south polar 
regions. 

Let the streams marked Atlantic and Pacific in 
Plate XIa. be streams flowing towards the Antarctic 
Continent e, fi-om separate equatorial regions. These 
streams have a tendency to run eastwards in their 
course from the equator towards the pole. In their 
course towards the pole they are obstructed by the 
continent e. On meeting with this obstruction, each 
stream must divide right and left ; one portion of 
each stream being turned westwards, and the other 
portion of each eastwards. The westward division 
of each stream must, as it flows on its course, meet 
the eastward division of the other stream : so that 
the Atlantic and Pacific streams meet each other in 
both directions on opposite sides of the Antarctic 
Continent. From each of these meeting-points, the 
streams must branch oflf in opposite directions : so 
that one branch from each meeting-point must fall 
against the Antarctic Continent, and the other branch 
from each of the two meeting-points must flow north- 
wards towards the equator. 

Let any points A and b, on opposite sides of the 
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Antarctic Continent, be the points at which the 
Atlantic and Pacific streams meet. 

Then in each ocean a stream flowing southwards 
and eastwards from the equatorial regions meets a 
stream flowing westwards and northwards from the 
polar regions, as shown in the plate : and, from the 
meeting-point in each ocean, one branch flows north- 
wards towards the equator, and the other branch 
sweeps the shores of the Antarctic Continent, and 
then forfns the stream which flows westwards and 
northwards from the polar regions in the opposite 
ocean. 

The Antarctic Continent must cause a subdivision 
of each of the Antarctic districts as shown in Plates 
XI. and XIa., because the stream turned south from 
each meeting-point must redivide on striking the Ant 
arctic coast, and then the portions turned eastwards 
must recoil upon their parent streams, forming separate 
districts of rotation ; and forming also, at the points 
c and D at which they meet the parent streams, an 
interlacing of currents with revolving fragments 
similar to that which occurs where a polar stream 
rejoins the equatorial stream from which it has its 
source, as at f and G. 

The meetings at A and b are meetings of inde- 
pendent streams, from separate force-creating regions, 
and therefore they mutually repel each other until 
an equilibrium of force is established between them. 
But the meetings at c, d, f, and G are formed by the 
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recoiling of branch streams upon the parent streams, 
through which they derive the force which keeps 
them in motion; and each of the branch streams 
must therefore, as &r as the action of the horizontal 
force of circulation is concerned, be gradually re- 
drawn into the course of its parent stream through 
a series of rebounds against it. 

From the arguments contained in this chapter, it 
appears that, as far as the currents resulting from 
axial rotation are concerned, the ocean is divided 
into two divisions : the one division consistin<Tr of 
currents which are kept in motion by force created 
in the equatorial regions of the Atlantic Ocean ; tlie 
other, of currents which are kept in motion by force 
created in the equatorial regions of the Pacific and 
Indian Oceans. And these divisions being analogous 
to each other — each being subdivided into equatorial 
and polar districts analogous to each other — form 
together the ten principal districts shown in the 
chart on Plate II. : namely — 

Two North Equatorial, 

Two South Equatorial, 

Two Arctic, and 

Four Antarctic districts. 

This subdivision of the Antarctic districts de- 
pends, as before stated, on the existence of an Ant- 
arctic Continent about the south pole. And I have 
described the action of vis-inertiae in those regions 
under this supposition, because the information gained 
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in the voyages of discovery already alluded to, and 
also the actual currents, as far as their course has 
been ascertained, appears to be in accordance with 
it. The correctness of tiiis is, however, a question 
to be determined in the practical investigation of 
the subject. 
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CHAPTER III. 

EFFECTS OF THE EARTH's ONWARD MOTION. 



PAET I. 

EPPEOTS OF ORBITAL MOTION. 

According to the foregoing the action of vis-inertiae 
in causing currents results from inequality of oppos- 
ing forces ; and therefore, as regards the orbital 
motion of the earth, since its velocity is the same at 
all parts of the earth, it is obvious that its action in 
causing currents can result only from the greater 
facility with which water yields to the action of vis- 
inertiae in one part of the ocean than in another part. 
And, that the water tends to yield more readily in 
some parts of the ocean than in others to the action 
of any force which may tend to set it in motion, may 
be illustrated by the well-known phenomenon that 
in any river or stream the water at the surface of 
the deep and central parts tends to move more 
rapidly than that in shore or at the bottom of the 
stream ; because the friction of the ground over 
which it runs checks the progress of the water, 
leaving that at the surface of the deep and central 
parts of the stream comparatively free to run its 
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course under the action of the force of gravitation. 
This force of gravitation acts with equal force upon 
all the particles of the stream, but those at the sides 
and bottom of the stream are checked by friction, 
which is therefore a force acting in opposition to that 
force of gravitation which tends to draw the stream 
onwards ; and it is because the particles at the 
surface of the deep and central parts of the stream 
are comparatively free from the opposing action of 
this friction that they are drawn onwards more 
rapidly by the force which impels the stream on its 
course. We need not here investigate the abstract 
nature of the force which causes the particles near 
the sides or bottom to resist more than those at the 
surface of the deep and central parts of the stream, 
the force which tends to set them equally in mo- 
tion. We are here only concerned with the fact 
that it is a force which opposes the action of any 
force which may tend to set the water in motion. 
It is for the present sufficient that the force de- 
scribed as friction tends at the sides and bottom 
of the ocean to check the action of vis-inertiae in 
those parts, leaving it comparatively unobstructed 
at the surface of the deep and central parts of the 
ocean ; and that therefore the unobstructed ac- 
tion of vis-inertisB at the surface of the deep and 
central parts of the ocean, being a greater force, 
must overwhelm, to a greater or lesser extent, the 
lesser forces near the shores and bottom of the ocean. 
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Therefore the action of vis-inertiae must tend to 
drculate the water by a stream running through the 
deep and central parts of the ocean in the opposite 
direction to that of the earth's motion, and along the 
shores in the direction of the earth's motion. 

But as regards the action of vis-inertia3 resulting 
from the axial rotation of the earth, not only is there 
this difference in the effective force acting in dif- 
ferent parts of the ocean, proportioned to the relative 
freedom from friction; but also, besides this, the 
actual velocity of the motion is not the same in all 
parts of the ocean, but is greater at the equator, de- 
creasing gradually towards the poles ; and is greater 
at the surface, decreasing gradually towards the 
bottom of the ocean : and therefore, the actual action 
of vis-inertisB is greater in equatorial than in polar 
regions, and greater in the upper than the lower 
strata of water, in proportion with the difference in 
the velocity of the motion of axial rotation in dif- 
ferent latitudes, and at different depths of the ocean. 
And thus, therefore, notwithstanding that the velocity 
of the orbital motion of the earth, as also probably 
that of the motion of the solar system, is far greater 
than the velocity of the motion of axial rotation at 
any part of the earth's* surface, by the latter motion 
a far greater amount of force effective in causing 
ocean currents may — indeed almost obviously must 
— be brought into play than can be brought into 
play by the orbital motion of the earth, or by any 

E 
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simply onward motion of the earth through space. 
And therefore, in consequence of the difference in 
the velocity of rotation in different latitudes and at 
different depths of the ocean, the current-creat- 
ing action of vis-inertiae brought into play by the 
axial rotation of the earth is the great paramount 
force ; and that which is brought into play by the 
orbital motion of the earth — as also that brought 
into play by the motion by which the earth is carried 
along through space with the solar system — simply 
causes deviations or variations from that which 
would be the course of the currents of the ocean if 
under the sole influence of the axial rotation of the 
earth. 

We have seen that the westward pressure result- 
ing from the axial rotation of the earth is fixed and 
unchanging in its action. But as regards any in- 
fluence which may result from the orbital motion of 
the earth, such influence will obviously be not only 
itself a variable influence, acting at one season of the 
year with greater force than at another season ; that 
is, acting with its greatest force in December, when 
the speed of the earth ia its orbit is fastest, and with 
its leaat force in June, when that speed is slowest ; 
all intermediate gradations of speed intervening : 
but also, it wiU be constantly changing its direction 
on any given point of the earth's surface, for at 
one season of the year the northern hemisphere, and 
at another season the southern, is inclined in the 
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direction in which the earth moves in its orbit ; and 
also, on the side of the earth turned from the sun 
the motion of axial rotation is in the same direction 
as that in which the earth is moving in its orbit, and 
on the opposite side of the earth in the reverse direc- 
tion; so that in March at midday this force acts 
about ENE.-wards, and at midnight about WNW.- 
wards ; whereas in September, at midday it acts 
ESE.-wards, and at midnight WSW.-wards ; all 
intermediate degrees of variation lying evenly be- 
tween the extremes of daily and annual variation 
respectively. Thus, this force always acts eastwards 
in the daytime, and westwards at night, and always 
northwards in March and southwards in September ; 
oscillating continually backwards and forwards be- 
tween the extremes of daily and annual variation 
respectively. The annual variation is confined within 
about four points of the compass ; that is, between 
23^° north and 23^** south, and the daily variation 
extends over about fourteen points of the compass ; 
that is, from 66^"^ east to 66^° west, the greatest 
combined variation being from any one point to the 
opposite point of the compass, that is, the sixteen 
points. 

In the annual variation this force turns more and 
more northwards from the 23rd of September to 
the 20th of March, and then from the 20th of March 
to the 23rd of September it turns more and more 
southwards. And in the daily variation the change 

E 2 
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from an eastward to a westward direction occurs at 
6 P.M., and that from a westward to an eastward 
direction at 6 a.m. 



PAET II. 

EFFECTS OP THE MOTION OF THE SOLAB SYSTEM. 

As regards the motion of the Solar System through 
space, of which a series of astronomical observations, 
originated by Sir William Herschel, has given us a 
partial knowledge ; although, reasoning from analogy, 
any influence resulting from that motion will pro- 
bably be among the forces which are subject to 
cyclical changes, yet, considering the enormous periods 
embraced in those cycles, the action of such forces 
may, as far as our present purposes are concerned, be 
regarded as fixed and constant at all points of the 
surface of the earth. 

We have not, however, in this, case, a knowledge 
of the motion from which to deduce effects, but the 
motion itself must be demonstrated by induction 
from its effects, if, reasoning from analogy, the 
existence of effects consistent only with some as 
yet unknown motion be demonstrated. And also it 
must be observed that any motion which may thus 
be demonstrated by the action of vis-inertiae does 
not necessarily indicate simply a motion of the Solar 
System ; for, as far as the evidence deducible from 
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the action of vis-inertinD is concerned, the motion 
demonstrated might be the average result of a com- 
plication of various motions in different directions. 
It is obvious that since we have no definite a priori 
knowledge of such motion, we cannot do more than 
point out what the different possible effects of that 
motion might be ; and if, after determining the effects 
of the rotation of the earth on its axis, and its mo- 
tion in its orbit round the sun, we find in fact such 
deviations fi-om the effects which those motions 
should cause as are in accordance with any one of 
the presumable motions of the Solar System through 
space, we shall then, from those effects, obtain a 
knowledge of the motion which causes them. And, 
in investigating the action of vis-inertias, it is not 
necessary to decide whether the motion demonstrated 
be a simple motion of the Solar System, or the 
average of a combination of various motions of which 
that system may partake. 

K the course of this as yet unknown motion of 
the earth through space be in the plane of the 
ecliptic, it will then at one period of the year be in 
conjunction with the orbital motion of the earth, and 
at the opposite period of the year in opposition to 
that motion ; gradually changing in the course of 
each year from complete conjunction to complete 
opposition, and again from opposition to conjunction. 
So that, apart from a knowledge of such motion, 
effects of vis -inertias observed in the ocean at any 
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one period of the year would appear inconsistent 
with effects observed at any other period of the year. 
If, on the other hand, the course of this unknown 
motion be in the line of the poles — ^then, if in the 
direction of the north pole, the action of vis-inertia? 
would appear southwards at the surface of the deep 
and central parts of the ocean, and northwards along 
the shores ; and if in the direction of the south pole, 
then its action would appear northwards at the sur- 
face of the deep and central parts of the ocean, and 
southwards along the shores.^ And the action of vis- 
inertisB will deviate more or less from the courses 
here described, according as the line of motion may 
deviate more ^ le^ from the line of the pole,, or 
from the plane of the ecKptic. 

^ It is evident that by the action here explained a considerable 
amount of warm surface water might be transferred across the 
equator, counterbalanced by a flow of cold water in the under 
strata. Mr. CroU points out that if oceanic circulation were 
caused by differences of temperature it would tend to equalise the 
temperature of the opposite hemispheres^ whereas if caused by 
the winds it would tend to increase any existing difference. And 
to this latter action he attributes alternate glacial epochs in the 
northern and southern hemispheres. As a circulation caused by 
yis-inertise might have that same effect, the suggested glacial 
epochs are not a valid argument in favour of the circulation being 
caused by the winds rather than by vis-inert ise. This subject is 
further discussed in Chapter IV. of The New Principles of Natural 
Philosophy. 



BOOK III. 

ON THE ABSTRACT NATURE OF TEE FORCE THIOSE 
CURRENT -CREATING ACTION IS DESCRIBED IN 
BOOK II. 



VIS-INEBTLai AND GRAVITATION. 
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CHAPTER IV. 

GRAVITATION AND VIS-INERTI-ffi ARE CONVERTIBLE 
TERMS AS FAR AS THE MOVEMENTS OF THE OCEAN 
ARE CONCERNED. 

Let us now proceed to consider what the forces 
whose action we have described are in their abstract 
nature, and what relation they bear to the forces 
which cause the tides. 

According to Kepler's first law of gravitation, 
enforced by Newton's demonstrations, the force of at- 
traction proceeding from any body in space decreases 
in proportion as the square of the distance from which 
it acts increases ; and if this be so, then, since the 
superficies of spheres increase in proportion as the 
squares of their radii increase, therefore, the force of 
attraction proceeding from any centre of gravitation 
must be exactly equal in the superficies of all spheres 
described from that centre of gravitation ; and, 
therefore, though the relative force of that attraction, 
as regards other forces of attraction, must decrease 
with an increase of distance from the centre from 
which it proceeds, and a decrease of distance from 
other centres of attraction, and the individuality 
of its eflfects be overwhelmed by being rendered 
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comparatively infinitesimal in comparison with the 
greater force proceeding fi:om other centres of attrac- 
tion ; it must nevertheless, of necessity, be a power 
acting throughout the universe, modifying more or 
less the effects of other forces of gravitation. 

If this be not so, then the law of gravitation 
above mentioned is not true ; for that law is an eflfect 
necessarily resulting from this as a cause. They are 
inseparable as cause and effect. It is the fact of 
gravitation being of the nature described which 
necessitates that the force of attraction proceeding 
from any power of gravitation must be inversely as 
the square of the distance from which it acts. And 
since this law could no more exist without gravita- 
tion being of the nature above described than gravi- 
tation could be of that nature without causing this 
law, it must be admitted that any given particles 
of the ocean are acted upon by forces of attraction 
proceeding from every power of gravitation in the 

universe. 

Let us suppose those particles to be at any given 
time or place in the position in which the joint action 
of all powers of gravitation tends to hold them. 

The particles in question are held by the earth's 
gravitation, as well as by universal gravitation ; and 
therefore, when the earth moves it tends to draw 
those particles with it : but, since those particles are 
in the position in which universal gravitation tends 
to hold them, the action of the earth is, therefore, 
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in the opposite direction to that of the combined 
action of all other forces of gravitation. Thus, as 
the earth moves, tending to carry the particles in 
question with it, the action of the foreign force of 
gravitation necessarily tends to draw the particles in 
exactly the opposite direction to that in which the 
motion of the earth tends to carry them. 

This latter is precisely the action of vis-inertiaB 
which we have described in the preceding Book ; 
for those particles of the fluid on the surface of the 
deep and central parts of the ocean, being the least 
closely held to the surface of the earth, are most 
free to move in the direction in which the foreign 
force of gravitation, tends to draw them ; and those 
particles which, in consequence of their position, are 
more closely held to the earth's surface, and there- 
fore offer more resistance to the action of the foreign 
force of gravitation, being under the dominion of 
the earth's power of gravitation, are by that power 
drawn into the positions vacated by those set in 
motion (in relation to the surface of the earth) by 
the foreign force of gravitation : and thus, as long 
as the motion which causes this opposing action of 
gravitation lasts, a constant circulation is effected. 
The opposing forces are — ^the earth's power of gravi- 
tation acting in one direction, and the combined 
action of all other powers of gravitation acting in the 
opposite direction. 

Thus, the currents through the deep and central 
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parts of the ocean are caused by the action of the 
foreign force of gravitation, just as the counter- 
currents are caused by the earth's gravitation. The 
ocean, as a whole, must maintain its position in re- 
lation to the conflicting forces. And if, on the one 
hand, it may be said that the vis-inertiae of the 
ocean, opposing the earth's tendency to carry it from 
its position, causes a current in one direction, and 
that the earth's gravitation draws counter-currents 
in the opposite direction ; so also may it, with equal 
propriety, be said that the vis-inertiae of the ocean 
opposes the action of the foreign force of gravitation, 
and, as the attraction of the latter tends to draw it 
from its position, and draws a current through those 
parts of the ocean most free to follow its attraction, 
the vis-inertiae of the ocean maintains its position 
as a whole by means of counter-currents through 
those parts of the ocean which are least fi'ee to fol- 
low the attraction of the foreign force of gravitation. 
That which is the vis-inertiae current, in relation to 
the earth's gravitation, is the attraction current in 
relation to the foreign force of gravitation ; and those 
which are attraction currents in relation to the earth's 
gravitation are vis-inertiae currents in relation to the 
foreign force of gravitation. 

Thus the vis-inertiae which draws the currents 
westwards in the equatorial regions is, in fact, at- 
traction proceeding from the joint action of all foreign 
powers of gravitation ; and the earth's power of 
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gravitation maintains the equilibrium of the ocean 
as a whole, by drawing an equal volume of water 
eastwards through the temperate zones : but, in fact, 
this latter movement, when considered in relation to 
the joint action of all foreign powers of gravitation, 
is just as truly a movement resulting from the vis- 
inertise of the ocean. 

Vis-inertiaB and gravitation are, therefore, as far as 
the arguments hitherto adduced are concerned, con- 
vertible terms. Any effect termed an action of vis- 
inertise in relation to any given power of gravitation, 
is, in fact, the direct result of some other power of 
gravitation ; and, inversely, any effect caused directly 
by any given power of gravitation is an action of 
vis-inertiae in relation to some other power of gravi- 
tation. 

The action of vis-inertiae in the ocean and atmo- 
sphere can, therefore, with no more reason be denied 
than the action of gravitation towards foreign bodies. 
To study the movements resulting from the action 
of gravitation, or to study those resulting from the 
action of vis-inertisB, are therefore simply different 
modes of studying the same phenomena. A move- 
ment of the waters of the ocean caused by the direct 
action of the sun's power of gravitation, tending to 
draw the ocean towards it, is, therefore, an action of 
vis-inertiae in relation to the joint action of all other 
powers of gravitation : and the counter- action of vis- 
inertiae, by which the ocean maintains its position in 
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relation to the conflicting forces, is just as certainly 
the direct action of those other powers of gravitation, 
tending to draw the ocean towards the position in 
which the combined action of their gravitation tends 
to place it. 

Therefore, as, when the earth's gravitation is 
considered in opposition to all other powers of 
gravitation, the water drawn westwards through 
the equatorial regions by the latter is replaced by 
an equal volume simultaneously drawn eastwards, 
through the temperate zones, by the former power, 
so also, when the sun's gravitation draws a volume 
of water to the side of the earth turned towards the 
sun, the joint action of all other forces of gravitation 
draws an equal volume of water in the opposite 
direction, thus preserving the equilibrium of the 
ocean in relation to the conflicting forces. 

In the consideration of the action of gravitation 
in causing the tides of the ocean, we may, therefore, 
consider the action of the sun and of the moon, each 
singly ; and that of all the other powers of gravita- 
tion jointly, under the title of astral gravitation^ 
which is sufficiently appropriate, though the gravita- 
tion of the planets is included in it. 

This force of astral gravitation may be defined as 
the combined action of the gravitation of the universe, 
excepting the force whose action it opposes. And 
vis-inertiae is universal gravitation. 

Let us now reconsider the nature of the forces 
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brought into play in the ocean and atmosphere by 
the motions of the earth. 

As regards the earth's onward motion through 
space, we have shown that, in consequence of the 
action of fiiction along the shores and bottom of the 
ocean, vis-inertise causes a current along the surface 
of the deep and central parts of the ocean, where it 
is comparatively free from the opposing action of the 
force termed friction, in the ordinary acceptation of 
the term ; whilst counter-currents return inshore to 
the source of action. In this case the vis-inertijc, 
which drives a current through the surface of the 
deep and central parts of the ocean in the opposite 
direction to that of the motion of the earth, is astral 
gravitation drawing those particles which, in conse- 
quence of their position in the ocean, are most free to 
follow the influence of its attraction, towards the 
position which its power of gravitation tends to give 
them. And the friction which opposes the force of 
astral gravitation along the shores and bottom of the 
ocean is the earth's gravitation, which, in consequence 
of the particles in those parts of the ocean being 
more under its dominion than those at the surface of 
the deep and central parts of the ocean, draws them 
into the position which it tends to give, and conse- 
quently carries them to those positions in relation 
to the surface of the earth which the particles most 
under the dominion of astral gravitation tend to 
vacate. 
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And, as regards the earth's axial rotation east- 
wards, we have shown that, in consequence of the 
greater velocity of rotation in equatorial regions, vis- 
inertiaB causes a current westwards in those regions, 
counter- currents running eastwards through the 
zones of lesser force in higher latitudes north and 
south. In this case, the vis-inertiae acting in equa- 
torial regions with greater force than in higher 
latitudes — in proportion with the greater velocity of 
the motion of rotation in those regions compared with 
that in higher latitudes — ^is the force of astral gravi- 
tation, which holds all particles equally to the posi- 
tion which it tends to give them ; but as the surface 
of the earth in the equatorial regions moves more 
rapidly than in higher latitudes, the particles in those 
regions have a great relative tendency in the oppo- 
site direction to that of the surface on which they 
rest ; because the surface runs with greater velocity 
from under the particles as they move towards the 
position which astral gravitation tends to give them. 
And over those parts of the surface of the earth 
where the action of astral gravitation is less, the 
particles, being relatively more under the dominion 
of the earth's gravitation, are drawn into the positions 
in relation to the surface of the earth which the par- 
ticles most under the dominion of astral gravitation 
Vend to vacate. Thus, as astral gravitation gives the 
-^ater a relative motion in the opposite direction to 
of the surface of the earth in the equatorial 
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regions, the earth's gravitation causes an equal volume 
to outrun the surface in higher latitudes, and thus 
the equilibrium of the ocean, as a whole, is main- 
tained in the position in which universal gravitation 
tends to hold it.^ 

Thus, then, the whole system of oceanic circula- 
tion which we have shown to result from the action 
of vis-inertiaB — ^in consequence of the greater force 
brought into play in those parts of the ocean which 
are moved with greatest velocity overwhelming the 
lesser forces in other parts of the ocean, and in con- 
sequence of the force acting along the surface of the 
deep and central parts of the ocean overwhelming 
that acting along the shores — is just as truly the 
effect of the opposing action of astral and terrestrial 
gravitation, in consequence of the earth in its motion 
tending to carry the particles of the ocean from the 
positions in which universal gravitation tends to hold 
them. 

^ See also Chapter XXI., Proposition XXVII. 
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CHAPTER V. 

THAT MATTER, BY VIRTUE OF AN INHERENT FORCE 
OF INERTION, ENDEAVOURS CONSTANTLY TO BRING 
ITSELF TO A STATE OF REST. 

We have seen that, as far as their action in the ocean 
is concerned, vis-inertiae and gravitation are conver- 
tible terms, according as a tendency to move to or 
from any given power of gravitation is referred to. 
It must not, however, be assumed from this that they 
are really in their abstract nature identical. 

Newton defines vis-inertia3 as ^ an innate force of 
matter, or power of resisting, by which every body; 
as much as in it lies, endeavours to persevere in its 
present state, whether it be of rest, or of moving 
uniformly forwards in a right line.' ^ 

Now, that any bodies have an innate tendency to 
move uniformly forwards in a right line is mere 
assumption. And this has been assumed to be so 
because it was found that the sun's gravitation is 
constantly tending to draw the planets towards it ; 
but as they do not approach the sun, it is clear that 
an equal force tends to carry them in the opposite 

* The Prvndpiaf Book I., Definition III. 
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direction ; and this force, acting in opposition to 
solar gravitation, is assumed to be an innate tendency 
in the planets to move in straight lines, from which 
they are constantly deflected by the gravitation of 
the sun. This is mere assumption. It is not based 
on any known phenomena.^ 

It is said that in the simple case of a ball, thrown 
in the air or rolled on the ground, being set in 
motion, its vis-inertiae tends to keep it in motion 
until it is stopped by the resistance of the air or 
the ground against which it runs. This is an error. 
It is not the vis-inertiae of the baU which tends to 
keep it in motion. It is vis-inertiae, and vis-inertiae 
only, which stops, and must in time stop the course 
of that ball. Vis-inertiae resists the motion of the 
ball from first to last. And it is because the force 
which . set the ball in motion is not continuously 
acting, and because vis-inertiae is continuously act- 
ing, tending to bring it to rest, that, no matter what 
the original velocity of the ball may be, its motion 
must at length be spent. 

If the force which set a body in motion continue 
to act constantly upon it, the motion will be con- 
tinued ; but if the motive force be removed, then vis- 
inertiae, 8o far from tending to keep the body moving 
onwards in the motion communicated to it, must and 

* The origin of this ' assumption ' is more fully explained in 
Chapters XII., XVL, and IX, of The New Principles of Natural 
Philosophy, 

p 2 
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will, sooner or later, according to circumstances, 
bring the body to a state of rest. 

In the case of the ball just mentioned, the ball is 
taken from a state of rest ; a certain amount of force 
is requisite to take it from that state of rest, and that 
force is spent to overcome the vis-inertiaB of the ball ; 
still more force is requisite to hurl the ball into the 
air or along the ground. Here it may be said that, 
but for the friction of the air or ground, the ball 
would move continuously. This is an error. But 
even supposing it were only this friction (unassisted 
at all by the vis-inertiae of the ball) which stops its 
motion, even then, since this friction is the com- 
munication of motion to surrounding particles whose 
vis-inertiaB resists the motion, it is the vis-inertiae of 
matter which brings the ball to rest. 

Let us, however, consider this case on its merits, 
apart from any previous arguments. The ball is 
thrown through the air. And the reason why the 
air tends to resist and check the motion of the ball 
is because the ball has to displace particles of the 
air in its passage ; and as motion from the ball is 
communicated to those particles, less in proportion 
remains in the ball. This is the same if the ball be 
rolled along the ground. The particles it strikes or 
touches, it tends, more or less, to move ; but the 
vis-inertiae of those particles tends to keep them 
at rest, and therefore resists the effort of the ball 
to move them ; and thus the ball and the particles 
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of air or earth set in motion by the ball are at length 
brought to a state of rest by the vis-inertia3 of matter. 

Now there is certainly no more reason for suppos- 
ing the vis-inertia3 which brings the whole to a state 
of rest to reside in the particles of air and earth 
set in motion by the ball thari in the ball itself set 
in motion by the hand. In fact, a certain amount 
of force is exerted to overcome the vis-inertiaB of 
matter, and an amount of motion in the ball and 
particles of air and earth which it sets in motion is 
caused in proportion to the motive force exerted ; 
but, as the motive force is not continuously exerted, 
it must at length be exhausted, and the bodies set in 
motion be brought to a state of rest by the vis-inertiae 
of matter. 

It thus appears that if in any body whatsoever 
there be not some motive force acting continuously 
to keep it in motion, its own inherent property of 
vis-inertiaB must (even if no other cause arise), in the 
course of time, bring it to a state of rest. 

Let us, however, proceed to consider on what 
grounds and by what arguments the motion of the 
earth round the sun has been asserted to be main- 
tained by an innate property of vis-inertiae, in con- 
sequence of which it tends to move uniformly for- 
wards in a straight line. The force which keeps it 
in motion is said to be its innate property of vis- 
inertiae ; and the force which resists that of solar 
attraction, and thus keeps it at its mean distance 
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from the sun, is said to be the tendency of its vis- 
inertiaB to carry it uniformly forwards in a straight 
line.^ The argument, as given by Newton in The 
System of the Worlds is as follows : — 

* The first law of motion was invented after the discovery of 
the motion of the earth ; and was invented for the express purpose 
of explaining the earth's continuous motion. 

No proof of that law can be given by physical phenomena 
about the earth. 

Newton accepted it as a necessity for the purpose of explaining 
not only the continuous motion of the earth, but also its resistance 
to the centripetal force. 

This latter was the purpose which made the law most imme- 
diately requisite to him. The New Principles of Natural Philosophy, 
p. 235. 

Kepler first asserted the onward motion of the earth to be due 
to an axial rotation of the sun. But he then knew nothing of 
the laws even of the direct action of gravitation, and had not the 
slightest idea of the revolving action of gravitation exerted by the 
sun. 

When Newton discovered the laws of gravitation, Kepler's idea 
was abandoned by every philosopher, as being incompatible with 
the laws of gravitation as far as they were then understood. 

Newton himself says, regarding this point : * Though gravity 
might give the planets a motion of descent towards the sun, 
either directly or with some little obliquity, yet the transverse 
motion by which they revolve in their several orbs, required the 
Divine Arm to impress them according to the tangents of their 
orbs.' ^ 

And elsewhere he says : ' I do not know any power in Nature 
which would cause this transverse motion without the Divine 
Arm.' 2 

It was for the purpose of explaining this ceaseless motion of 
the earth without loss of velocity, that the idea was first conceived 
of matter having, when once in motion, an inherent tendency to 
continue perpetually in motion. Idem, p. 309. 

* Letter to Dr. Bentley, dated Cambridge, February 11, 1693. 
« Letter dated January 17, 1693. 
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* Let A F B (Plate XII.) represent the surface of the 
earth, c its centre, v d, v e, v f, the curve lines which 
a body would describe, if projected in a horizontal 
direction from the top of a high mountain successively 
with more and more velocity ; and, because the celes- 
tial motions are scarcely retarded by the little or no 
resistance of the spaces in which they are performed, 
to keep up the parity of cases, let us suppose either 
that there is no air about the earth, or at least that it 
is endowed with little or no power of resisting : and 
for the same reason that the body projected with a 
less velocity describes the lesser arc v D, and with a 
greater velocity the greater arc v e, and, augmenting 
the velocity, it goes farther and farther to f and g ; 
if the velocity was still more and more augmented, it 
would reach at last quite beyond the circumference 
of the earth, and return to the mountain from which 
it was projected. 

The body is supposed to be projected with a hori- 
zontal force from v sufficient to carry it as far as D ; 
then with a force sufficiently increased to carry it as 
far as E ; then as far as f, and so on to G. Now, 
even admitting that each increase in the projecting 
force will carry the body still farther round the earth 

Dr. Playfair tells us that but for the discovery of the motion of 
the earth, that law might have remained for ever unknown.^ 

I have shown that in the heavens that law is no longer required 
for the purpose for which it was invented. /c?em, p. 245. 
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(supposing it to be free from the action of foreign 
forces of gravitation), and that it may be so increased * 
as to carry the body quite round the earth, or an 
indefinite number of times round the earth, even 
then, that the body can twice return exactly to the 
point V, from which it started, or that it must not 
necessarily, sooner or later, in the course of time 
come to the surface of the earth just as certainly as 
that projected from v to D, — is not shown. And, in 
fact, it is certain that no increase in the amount of the 
projecting force can prevent the body from being 
gradually more and more deflected from the horizontal 
line, until it at length be brought to the surface of the 
earth. For the force with which the body is projected 
in the horizontal line is supposed to resist the force 
with which the earth draws the body towards its sur- 
fiice J but in resisting this tendency of the earth to 
draw the body towards it, a greater or lesser amount 
of force is necessarily spent. And as the force with 
which the earth draws the body towards it is con- 
tinuous, which the projecting force is not, this latter 
must at length be spent by the constant resistance of 
the former ; and the body, therefore, must at length 
be brought to rest on the surface of the earth, just as 
certainly, and for the same reasons, as in the case of 
the baU rolled along the ground. In both cases a 
certain amount of force is expended to set bodies in 
motion ; and as the force is not continuous in its 
action, it is at length spent by the constant resistance 
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of the vis-inertiae of matter. The force of friction 
which retards and at length stops the course of the 
ball rolled along the ground is (as we have before 
shown) exactly of the same nature as the force which 
resists that by which the body is supposed to be pro- 
jected from V. The latter is the force of attraction 
caused by gravitation drawing towards the earth, and 
the former is the force of friction, in the ordinary 
acceptation of the term : but both these forces we 
have shown to be, in fact, simply efforts of vis-inertiae 
constantly tending to bring matter to a state of rest. 
It is then evident that in the case of the ball thrown 
in the air, or rolled along the ground, as in the case 
of the moon revolving round the earth, there is no 
intrinsic difference in the nature of the force which 
tends to bring them to a state of rest on the surface 
of the earth.^ 

^ The * Laws of Motion ' are more fully discussed in The New 
Principles of Natural Phihaophy, especially in Chapters IX., 
XII., and XVI. ; and partially in the Challenge-Lectures forming 
Chapters VI. and VII. of that work. 
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CHAPTER VI. 

THAT THE MOON's ORBITAL MOTION IS CAUSED BY 
THE earth's ROTATION, AND ITS APPARENT LAG- 
GING MOTION BY ASTRAL GRAVITATION. 

We have already observed that the idea of any 
body having an innate tendency to move uniformly 
forwards in a straight line is mere assumption. No 
such innate tendency can, in the present state of know- 
ledge, be demonstrated to exist in any known pheno- 
mena. And we have shown that if any body really 
has a tendency to move uniformly in a straight line, it 
certainly is not in consequence of an innate property 
of vis-inertiae, because we have shown that its innate 
property of vis-inertiaB constantly tends to bring it to 
a state of rest : and therefore, if this tendency to move 
uniformly in a straight line exist, it must be in con- 
sequence of some force acting continuously with suffi- 
cient power to overcome the vis-inertia3 of the body 
set in motion. 

The cause of the moon's motion is a question 
which has not hitherto been solved ; and we have 
shown that the idea of the moon or any of the planets 
having a tendency to continue to move uniformly 
for wards in a straight line in consequence of an innate 
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property of vis-inertiaB. is erroneous : and, therefore — 
comparing the motion of the moon in its orbit to that 
of the stone swung round in a sling, and tending 
constantly to fly off at a tangent from its course — it 
is evident that an innate property of vis-inertiae, tend- 
ing to carry the moon onwards in a straight line, is 
not the force which resists the earth's gravitation 
drawing towards the earth. 

Now, since the earth's attraction tends to draw 
the moon to the earth, and the action of vis-inertiae 
tends to bring the moon to a state of rest, just as in 
the case of a stone thrown in the air or rolled along 
the ground ; and as we have shown that the idea of 
any body having an innate tendency to move uni- 
foily fLard. m . straight line i» a mere .=«nmp- 
tion : let us consider whether the fact of the moon 
not being drawn to the surface of the earth, and the 
fact of its moving continuously onwards in its orbit, 
cannot be explained without assuming the existence 
of any laws or forces whose action cannot be illus- 
trated by analogy with known phenomena. The 
stone thrown in the air is drawn to the ground by 
the earth's attraction, whereas the moon is not. But 
then, as the moon is farther removed from the action 
of the earth's gravitation, and is therefore relatively 
more under the dominion of some other force of gra- 
vitation, it may, in the absence of any other reason- 
able cause being assigned, be inferred that the moon 
is held in equilibrium between the attraction of the 
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earth's gravitation and that of other forces of gravita- 
tion ; so that, as the earth's attraction tends to draw 
the moon to the earth, those other forces tend equally 
to draw it in the opposite direction. Then the stone 
is drawn to the earth, but the moon is not, because 
the stone is within the sphere in which the force of 
attraction drawing towards the earth is greater than 
that drawing towards the position which any other 
force of gravitation tends to give it ; whereas the moon 
is just so far removed from the earth as to be held in 
equilibrium between a tendency to the position which 
the sole action of the earth's gravitation would give 
it if unopposed by other forces, and a tendency to 
the position which, if the earth's force of gravitation 
were withdrawn, the combined action of all other 
forces of gravitation would give it. 

This, however, accounts only for the moon with- 
standing the attraction towards the earth, whereas 
the theory which assimies an innate tendency to 
move uniformly forwards in a straight line accounts 
also for the moon's onward motion in its orbit. A 
cause for the onward motion of the moon, according 
with the action of well-known laws, is, however, 
indicated by the tides : for the moon tends to raise 
a mass of water, or tide, on the earth's surface be- 
neath it ; and, as the earth's surface rotates eastwards 
it tends to carry that mass of water or tide with it ; 
and therefore, as the moon tends to hold the tide 
beneath it, the rotation of the earth eastwards must 
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just as certainly tend to carry the moon eastwards as 
to carry the tide eastwards. 

The earth's gravitation, then, is constantly tend- 
ing to draw the moon to the earth, and to carry the 
moon eastwards with the earth's axial rotation. But 
the moon is not drawn to the earth ; and, as regards 
the earth's axial rotation, the moon is constantly 
lagging behind, or falling westwards. 

The force by virtue of which the moon resists the 
motions which the earth's attraction tends to give it 
obviously accords with that which we have defined 
as its innate property of vis-inertiaB, by virtue of 
which it tends to maintaLa itself in a state of rest. 
And this vis-inertiae we have shown to be universal 
gravitation. 

The earth's gravitation tends to draw the moon to 
the earth, and the moon's gravitation tends to draw 
the earth to the moon, but by opposing forces of 
astral gravitation they are held in equilibrium. By 
some force (with whose nature we are not here con- 
cerned) the earth is caused to rotate eastwards on its 
axis, and as it rotates, its gravitation tends to carry 
the moon eastwards with that same motion ; but the 
moon's vis-inertiaB resists this motion in precisely the 
same manner as that in which we have described the 
current-creating action of vis-inertiaB in the ocean, for 
the forces in play are precisely the same as those 
acting on any given particles of water. The earth 
tends to draw the moon to the position which the 
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earth's gravitation tends to give it ; but the moon is 
already held in equilibrium by universal gravitation, 
and therefore, as the earth tends to draw it in any 
direction from that position, astral gravitation, or the 
combined action of all other forces of gravitation, 
tends to draw it in the opposite direction.^ 

* See The New Principles of Natural Philosophy/, Chapter III. 
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CHAPTER VII. 

THAT THE CURRENT- CREATING ACTION OF VIS-INERTIJE, 
DESCRIBED IN BOOK II., IS CORROBORATED BY THE 
MOTIONS OF THE PLANETS. 

That the earth's surface, in some manner, tends to 
carry the moon eastwards is indicated, as pointed out 
in the foregoing chapter, by the fact that the action 
of the moon's gravitation raises a tide which goes 
round with the moon, whilst the earth's surface rolls 
on eastwards under them. And, since the moon's 
gravitation drags westwards on the earth's surface 
(for it drags the tide westwards with it), that surface 
must, since the action of gravitation is reciprocal, 
tend to drag the moon eastwards. This reciprocal 
action of gravitation is inseparable from the existence 
of that force which, by Newton's demonstrations, 
may be said to have been removed from the domain 
of theory by being incontrovertibly established as a 
simple fact. And, therefore, the assertion that the 
earth's surface drags the moon eastwards is not only 
in accordance with Newton's laws of gravitation, but 
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it is, in fact, an inseparable corollary from them ; so 
that its refutation, of necessity, involves the denial 
of the existence of the force of gravitation. This 
being so, then any definitions or axioms invented to 
explain the onward motion of the moon and other 
heavenly bodies are, if at variance with the assertion 
that the earth's surface tends to drag, the moon east- 
wards, of necessity false. 

But if the moon is really carried round by the 
earth's surface rotating below it, then the far side of 
that surface, moving in the opposite direction, must 
tend to check it ; and, therefore, the velocity of its 
motion must depend on the amoimt by which the 
dragging power of the nearer exceeds that of the 
remoter part of the earth. 

This argument, and with it the whole theory of 
the current-creating action of the earth's rotation, 
can be brought to a crucial test. For, if the motion 
of the moon in its orbit round the earth is caused by 
the earth's rotation, then it is to be presumed that 
the motions of the planets round the sun are caused 
by a rotation of the sun in the same direction as that 
in which the planets revolve ; and, therefore, accord- 
ing to the above argument, the relative velocities of 
the planets must show a dependence on the relative 
amounts by which the force of the gravitation of the 
nearer exceeds that of the remoter part of the sun in 
their respective orbits. 
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The exact relative amount of the revolving force 
in each orbit depends on the thickness of the surface 
whose gravitation causes the revolving action, and of 
this we have no definite knowledge. But, by taking 
the amount by which the force of the nearest exceeds 
that of the remotest part (or any other corresponding 
points in the opposite hemispheres) an approximation 
can be obtained, which is sufficiently accurate for our 
present purpose.^ 

The apparent motion of the spots upon the sun 
has long been supposed to indicate a motion of 
rotation in the direction above suggested. And the 
following tables show it to be a mere matter of fact 
that in the diflferent orbits of the planets the fractions 
by which the force of the gravitation of the nearest 
part of the sun exceeds that of the remotest are such 
that their square roots represent the actual relative 
velocities with which the planets move in their orbits 
round the sun. 

Taking the sun's diameter as 888,000 miles, the 
relative distances fi'om the nearest and remotest 
parts of the sun respectively are approximately 
as in the first^ column of the following table, in 
which that diameter is taken as the unit of measure- 
ment : — 

» See Table of Forces, Proposition XIX., Chapter XXI. 
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Relative distancee from 
nearest and remotert 
parts of sun, in solar 
diameters 



Mercury 
Venus . 
Earth . 
Mars . 
Jupiter 



41 

77 

106 

164 

656 



42 

78 

107 

165 

657 



Saturn. 1,020 1.021 
Uranus 2,051 2,052 
Neptune 3,212 3,213 



Inverse sqnares of distan- 
ces give the proportion 
which in each orbit the 
gravitation of the re- 
motest bears to that of 
the nearest part of the 
sun 



1,681 1,764 

6,929 6,084 

11,236 11,449 

26,896 27,225 

309,136 310,249 

1,040,400 1,042,441 

4,206,601 4,210,704 

10,316,944 10,323,369 



Fraction of direct force 
which acts as a re- 
volving force 



83 
15S 

T2MI 

2268 
329 

J1113 
619385 

2041 
5?JS28?I 

4103 

8iIYSo5 

64 25 



•024092 
•012902 
•009315 
•006078 
•001796 
•000979 
•000487 
•000311 



Sq. Roots 
of fore- 
going 
fractions 
give re- 
lative 
velocities 



•1652t 
•1136t 
•0965t 
•0779t 
•0423t 
•0312t 
•0220t 
•01763 



The lengths of the orbits increase as the distances 
from the centre increase. And the relative lengths 
of the orbits, divided by the relative periods of orbital 
revolution, give the relative velocities of the orbital 
motions, as follows : — 



Relatiye lengths of orbits 

• 


Belative periods of re- 
volutions 


Belative velocities of 
orbital motions 


Mercury ... 41i 


L 


88 


•4715t 


VenuB 




. . 77i 


^ 


226 


•3444t 


Earth 




106. 


. 


366 


•2917t 


Mars 




164i 


. 


687 


•2394t 


Jupiter 




6563 


. 


4,833 


•1284t 


Saturn 




. 1,02a 


10,759 


•0948t 


Uranus 




. 2,051 


30.687 


•0668t 


Neptune . 




. 3,212| 


60,127 


•05342 



t These decimals are all a fraction larger if extended. The 
least velocity is extended a figure farther to give greater precision 
when used as a divisor in the third table. The distances of the 
planets from the sun and the relative lengths of the orbits given 
above are based on the distances given in Mitchell's Popular 
Astronomy y discarding fractions of the solar diameter used as the 
unit of measurement, and the relative periods of revolution are, 
within half a day, the actual periods. 
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These actual velocities, deduced from the approxi- 
mate measurements of the relative distances and 
periods, are the same as those in the theoretical 
table ; for : 







By actnal measurement 


Taking Neptnne's velocity 


The relative velocities by the 


they are, according to 


as 10, both tables give, 


theoretical table are as under : 


the preceding table, as 


excepting fractions, the 






under : — 


same velocity, as under : 


Mercnry 


. 16,620 


47,160 


88 


Venus . 


. 11,360 


34,440 


64 


Earth . 


. 9,660 


29,190 


54 


Mars 


. 7,790 


23,940 


44 


Jupiter . 


. 4,230 


12,840 


24 


Saturn . 


. 3,120 


9,480 


17 


Uranus , 


. 2,200 


6,680 


12 


Neptune 


. 1,763 


6,342 


10 



The first of the foregoing tables shows that the 
fraction of the sun's direct force which acts as a 
revolving force is, approximately, inversely as the 
distance from the sim. And, as the total of the 
direct force is itself inversely as the square of the 
distance, the revolving force of the sun's gravitation 
is, therefore, inversely as the cube of the distance 
from the sun, approximately ; and, this . being so, it 
is then a mere matter of fact that the square roots 
of the revolving forces in the different orbits of the 
planets represent, approximately, the actually appa- 
rent velocities with which, if viewed from the sun, 
they would be seen to move, threading their way east- 
wards among the fixed stars. Or, in other words, 
the rapidity with which an orbital revolution is 
accomplished increases or decreases directly as the 

G 2 
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square root of the revolving force of the sun's gravi- 
tation. 

The revolving force of the sun's gravitation is, 
therefore, as the square of the angular velocity of 
the motion — that is, the velocity as measured on the 
surface of the sun which causes the motion.^ 

Now, since, according to the foregoing chapters, 
the earth is held in equilibrium between opposing 
forces of gravitation, therefore the retarding force 
of astral gravitation increases as the square of the 
velocity of the motion which it opposes (for the 
revolving force increases in that proportion). 

The action of this retarding force of astral 
gravitation then makes the squares of the velocities 
of necessity inversely as the cubes of the relative dis- 
tances ; because, suppose the revolving force to be 
increased, then there is a corresponding increase in 
the opposing force of astral gravitation without any 
increase in the direct force of the sun's gravitation, 
and astral gravitation would then carry the earth 
back at a tangent to the orbit in which the revolv- 
ing force tends to carry it, until, in consequence of 
the revolving force decreasing as the cube, and the 
direct force only as the square of the distance increased, 
the equilibrium between the force of astral gravitation 
drawing from the sun, and that of the direct force of 
the sun's gravitation, would be restored.^ 

* See also Proposition XVII., Chapter XXI. 
2 See Proposition XXY., Chapter XXI. 
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Now it must be observed that, in treating of the 
action of vis-inertiae in causing currents in the ocean, 
we have been driven to the conclusion that the moon 
must be acted on by the same forces that impel any 
given drop of water through its circulation. That is 
to say, the revolving force of the earth's gravitation 
is constantly dragging them eastwards, whilst their 
own inherent force of inertion is constantly opposing 
that motion and causing them to lag westwards. 

And then we have naturally inferred that the sun, 
by a motion of rotation, must tend to carry the 
planets round with it, just as the earth tends to carry 
along the water and the moon. 

To test this we have calculated the relative force 
of the sun's revolving action in the orbits of the 
planets, considering that the nearest part of the 
surface tends to carry them in one direction, whilst 
the farthest part tends to carry them in the opposite 
direction, and we have found that the actual relative 
velocities with which the planets move round the sun 
bear a fixed ratio to the relative amounts by which 
the force of the gravitation of the nearest exceeds 
that of the remotest part of the sun in their respec- 
tive orbits. 

When a theory which explains the movements of 
the ocean and atmosphere — as shown in Vis-inertice^ 
and farther on in this volume — is corroborated 
like this by the motions of the heavenly bodies, 
and wherever extended finds nothing in nature at 
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variance with it, of what avail is it to oppose it with 
ideas which, though asserted to be laws of motion, 
are merely theoretical, for they are not corroborated 
by phenomena observed in nature. The more clearly 
those so-called laws are shown to be at variance 
with the theory substantiated by natural phenomena 
throughout the visible universe, the more certain and 
complete must be their destruction. 

According to the above-mentioned laws the 
moon's orbital motion is maintained by its inherent 
tendency to keep itself in motion — ^that motion having 
been communicated to it at some unknown period, 
by some imknown cause : and then the force which 
resists the earth's gravitation is said to be the ten- 
dency of that motion to carry it onwards at a tangent 
from its orbit, like a stone from a sling. Whereas, 
according to the arguments in the foregoing Chapters 
of this Book, the earth's gravitation is the motive 
force which draws the moon onwards in its orbit, and 
the centripetal and centrifugal forces, which by their 
opposing action keep it at its mean distance from the 
earth, are — the former terrestrial and the latter astral 
gravitation. These centripetal and centrifugal forces 
are of a very different nature from those in the case 
of a stone swung round in a sling. Let us consider 
what the difference is. 

As regards the centripetal force : the string hold- 
mg the stone in its course has been compared to the 
earth's fijravitation holding the moon in its course. 
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The string certainly holds the stone in its course as 
long as the motion lasts, but there the analogy ends. 
And as regards the centrifugal forces there is no 
analogy in the two cases, excepting the fact of both 
tending to carry the revolving body from the centre 
round which it revolves. In the case of the stone, 
the centrifugal force gives the stone a tendency to fly 
off at a tangent from the circle in which it is revolved, 
in the direction of its motion. But, as regards astral 
gravitation, considered as the centrifugal force which 
opposes the centripetal force of the earth's gravita- 
tion : if the moon were not acted on by the revolv- 
ing force of the earth's gravitation, but only by 
the direct force, then astral gravitation would tend 
to carry the moon directly from the earth, not at a 
tangent to any part of its orbit : and when in 
motion, astral gravitation tends to carry the moon 
off at a tangent from its orbit certainly, but in 
the opposite direction to that of its motion. The cen- 
trifugal force endeavours to place the moon at c in 
the higher orbit, c d E, instead of at b ; to which 
latter it is carried by the revolving force along its 
orbit from A.^ (Fig. 19, p. 88.) 

^ The reader will observe that the theory of counter-attraction, 
or astral gravitation, need not be considered to supplant the New- 
tonian theory of centripetal and centrifugal forces, but rather to 
define the nature of the latter force ; showing that it is similar to 
the former : both being gravitation caused by vis-inertise, which is 
just as much the primary cause of the centripetal as of the centri- 
fugal force. 

The effects are matters of observation, so that the point at 
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The force of universal gravitation in fact opposes 
the motion of the stone in the sling just in the same 
manner as that of astral gravitation opposes the 
motion of the moon ; but there is this radical differ- 




ence between the case of the stone revolved in the 
sling and that of the moon revolving round the earth. 

iraue is as to how those effects are caused ; and I maintaia that 
via-inertiie holds the placets in equilibrium, the centripetal force 
of the sun's gravitation being a part of the action of the planet's 
via-inertife just as much as the centrifugal force. The error lies 
in the cause to which the tangental effort is attributed; and I 
have endeavoured to show that that effort is not caused by the 
vis-inertife of the planet tending to carry it onwards along the 
tangent, but by astral gravitation (a pari; of the action of vis-inert.iie) 
retarding it, and tending to draw it backwards &rther and farther 
&om the successive positions to which the revolving force carries 
it along its orbit. 

Vis-inerti» is the combined action of universal gravitation, 
which actually does keep the planet on the line of its orbit; 
opposing any t«nd^icy from, as much as towards, the sun. — The 
Elements, Preface, YoL I. London, 1866. 
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In the former case it is the motion of the stone which 
tends to carry it out of the circle in which it is re- 
volved: whereas in the case of the moon, as we 
have shown that the motion is caused by the earth's 
gravitation, it cannot tend to carry the moon onwards 
at a tangent from its orbit, nor indeed can it tend to 
carry it out of its orbit at all. The root of the diflfer- 
ence is this : the force by which the stone is set in 
motion is an illustration of the direct action of the 
forces ordained to control matter ; whereas, in the 
case of the moon, the motion is caused by gravitation, 
an attribute of vis-inertiae — the mode, in fact, in which 
vis-inertiae manifests its resistance to the motive force. 
The motion of the moon in its orbit may rather 
be compared to that of a cork floating in a basin of 
water, in which, by rotating any object rapidly in 
the centre of the basin, the whole mass of water is 
caused to rotate, carrying the cork along with it. 
The motion of the moon and that of the cork are 
analogous, inasmuch as both are caused by gravita- 
tion, this gravitation being an effect resulting from 
the resistance which the vis-inertiae of matter pre- 
sents to the action of the force by which the object 
in the centre of the basin is made to rotate. This is 
so because, in consequence of its property of vis- 
inertiaB, the water in the basin tends to maintain itself 
in a state of rest ; and therefore, resisting any force 
which may tend to set it in motion, it endeavours 
to maintain its position and that of its parts in 
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relation to each other. When, then, the object in the 
centre of the basin is made to rotate, those particles 
of water adjoining the rotating surface endeavour to 
maintain their position in relation to the part of the 
rotating surface against which they rested, and also 
in relation to those particles next beyond them ; and 
therefore draw towards the part of the surface caused 
by the action of the extraneous force to tend from 
them, and also towards those particles next beyond 
them, these latter towards those next them, and so 
on ; and thus all the particles, each endeavouring to 
maintain its connection with those next to it, draw 
or gravitate towards eaxjh other. Thus the gravita- 
tion of the particles one towards another draws the 
whole mass onwarcjs in a motion of rotation, each 
endeavouring to maintain its position in relation to 
the particles set in motion by the action of the ex- 
traneous force : and therefore, as the object in the 
centre of the basin is made to rotate, the force of 
gravitation causes the cork to revolve in the same 
direction. This is analogous to the motion of the 
moon revolved eastwards in its orbit by the force of 
its gravitation towards the surface of the earth ro- 
tating eastwards. In the case of the moon, as in the 
case of the cork, the motion is caused directly by 
gravitation, which is the effort of vis-inertiae to 
maintain matter in a state of rest : — it is the force 
exerted in the endeavour to resist the action of any 
forces which tend to cause a change of form or posi- 
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tion. These motions result from the efforts of the 
particles of matter to maintain the positions in rela- 
tion to each other which the extraneous force dis- 
turbs ; whereas the motion of the stone in the sling 
is caused directly by the extraneous force carrying 
the stone onwards in accordance with its laws, in 
spite of the resistance of vis-inertiaB. The stone is 
hurled through the air in direct opposition to the 
force of gravitation ; and after it is released from 
the sling the motion communicated to it must, sooner 
or later, be spent by the continuous resistance of 
vis-inertiaB. 

An increase of the velocity of rotation which 
revol\res the cork and the water above mentioned 
will cause the particles of water and the cork to 
recede from the centre along tangents backwards from 
the successive points to which the revolving force en- 
deavours to carry them in the circles of revolution 
(as shown by the diagram on page 88) ; because, 
as has been shown in the preceding chapter, the 
retarding force of astral gravitation increases as the 
square of the velocity of the motion which it resists ; 
and it will therefore carry the revolving particles 
backwards from the centre of revolution until the 
disturbed equilibrium is readjusted in consequence 
of the revolving force decreasing as the cube of the 
distance from the centre increases. 

As the water recedes along the tangents it exem^ 
plifies the overwhelming of lesser forces by greater, 
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For the revolving force increases towards the centre, 
and as any particle is carried onwards by it, the par- 
ticle next outside it is carried relatively in exactly 
the opposite direction by the force of astral gravita- 
tion, the action of which is relatively greater, as re- 
gards the revolving force, on it than on the particle 
nearer the centre of rotation. Its motion backwards 
along the tangent results from the effort of vis- 
inertiae to maintain the equilibrium destroyed by the 
particles nearer the centre of rotation being carried 
in the opposite direction. 

The above argument is equally applicable to the 
moon ; for, suppose the latter to be lying loosely on 
the surface of the earth, and let a motion of rotation 
be generated in the earth, and then, as that motion 
carries the surface on which the moon rests onwards, 
astral gravitation, whose action, compared with the 
revolving force, is relatively greater on the moon 
than on the surface below it, maintains the equili- 
brium of gravitation by carrying the moon in the 
opposite direction, which is backwards along the tan 
gent to the surface on which it rested. And it will 
continue to recede along that tangent as long as the 
disturbed equilibrium is more readily restored by 
that motion than by the motion of the opposite side 
of the rotating surface, or of some other body in the 
same direction. At the distance thus determined it 
would revolve with the rotating surface, though con- 
stantly lagging backwards over it under the action 
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of astral gravitation. Thus the force of astral gravi- 
tation, opposing that of the earth's gravitation, is 
constantly endeavouring to draw the moon out of its 
orbit, and the earth's gravitation revolves it in the 
orbit in which it is held by those opposing forces. 

The foregoing shows that it is an error to sup- 
pose the orbital motion of the moon to be analogous 
to that of a stone swung round in a sling. Because : 
it is the motion of the stone which tends to carry it 
out of its orbit ; that motion tends to carry it on- 
wards at a tangent to its orbit in the direction in 
which it is revolved ; and the motion is caused by a 
force which moves the stone in spite of the resistance 
of vis-inertiae. Whereas : it is the force which op- 
poses the motion of the moon that tends to carry it out 
of its orbit ; that force tends to draw it backwards 
in the opposite direction to that in which it is re- 
volved ; and the motion of the moon is caused by 
gravitation, which is the effort of vis-inertiae to bring 
matter to a state of rest. For the motion of the 
moon is its effort or gravitation towards the nearest 
part of the surface of the earth which is constantly 
rolling from it. An increase of the velocity with 
which that surface moves would increase the distance 
to which the moon is drawn from it ; because the 
force of astral gravitation which prevents the moon 
from keeping pace with the surface increases as the 
square of the velocity of its motion. 

To make this clearer we may recapitulate : 
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As the ratio in which the force of astral gravita- 
tion increases or decreases is dependent on that of the 
revolving force ; and as the latter is inversely as the 
cube of the distance, whereas the direct force is 
inversely as the square of the distance from the earth, 
therefore, however great the revolving force may be 
at the surface of the earth, the opposing force of astral 
gravitation which carries the moon backwards from 
the position to which the revolving force tends to 
carry it must at some certain distance become equal 
to the direct force of the earth's gravitation ; and 
there the moon would be revolved in equilibrium 
between the force of astral gravitation tending to 
draw it out of its orbit from the earth and that of 
the earth's gravitation tending to draw it to the 
earth. 

In the case of the stone, the motive force tends to 
carry it off at a tiangent to the circle in which it is 
revolved in the direction of its motion, in spite of the 
resistance of vis-inertiaa, which tends to bring it to a 
state of rest :- whereas the moon is held in equili- 
brium by vis-inertia3, or universal gravitation, whilst 
the force of astral gravitation tends to carry it from 
the earth, and the earth's gravitation tends to draw it 
to the earth ; and its motion is constantly restoring 
the equilibrium of gravitation towards it as fast as that 
equilibrium is disturbed by the action of the force 
which causes the earth to rotate. 

The motion of the stone disturbs the equilibrium 
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of gravitation, whereas the motion of the moon main- 
tains it.^ 

* Newton erred in assuming the centrifugal force which op- 
poses the centripetal force of solar gravitation, and holds the planets 
at their mean distances from the sun, to result from an innate 
tendency to move uniformly forwards in a straight line : and he 
douhly erred in assuming this asserted tendency to move uniformly 
forwards in a straight Hne to result from innate vis inertise, by 
virtue of which any body once set in motion tends to continue that 
motion uniformly forwards in a straight line until other forces from 
without stop it. For, first, I have shown that vis-inertise opposes 
motion in everything, and that its own inherent property of vis- 
inertise must tend to bring a body to rest, under any circumstances 
whatever, just as much, and in the same manner, as the action of 
any force from without. And, secondly, I have shown that^ as 
regards the motions of the planets in their orbits^ the centrifugal 
force which opposes the centripetal force of the bodies which com- 
pose the solar system one towards another, and all towards their 
common centre of gravity, is the force of astral gravitation oppos- 
ing that of solar gravitation ; so that, in their courses, they are 
borne smoothly along the lines of equilibrium lying between 
opposing forces of gravitation. This subject is more fully discussed 
in The New Principles of Natural Philosophy, 
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in the course of time it will cease to exist : presuming, 

N 

of course, that it is only reasonable to suppose that 
something immaterial pre-existed from which it had 
its origin, and that when it has run its course and 
ceased to exist, something immaterial evolved from 
it will exist after it. We are, however, concerned only 
with the forces brought into play by the evanescence 
of matter, and not with the immateriali^es which 
pre-existed, or into which it is in process of trans- 
mutation ; and these forces, termed evanescence^ 
tending to control matter in a constant series of 
evolutions through its existence, causing constant 
change of form and place, bring into play the force 
of gravitation in consequence of the action of vis- 
inertiaB, by virtue of which matter tends to preserve 
its existence, or hold itself together, and continue 
where and what it is.^ 

^ See Chapter XIX. of The New Principles of Natural PhilO' 
sophy, ^ Is force inherent in matter 9 And is matter evanescent 
or indestructible?' 
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CHAPTER IX. 

NORMAL POSITIONS OF THE TIDES IN RELATION TO 
THE FORCES BY WHICH THEY ARE RAISED. 

The position which the ocean would have under the 
sole influence of terrestrial gravitation is modified by 
the gravitation of other bodies in space, which tend 
to draw the water to the parts of the surface of the 
earth turned towards them. 

The sun, the moon, and the planets all tend, more 
or less, to draw the water to those parts of the earth's 
surface turned towards them. And by the earth's 
motions the parts of the surface of the earth turned 
towards the foreign bodies respectively are being 
constantly changed. The gravitation of those bodies 
constantly tends to hold the water in the position 
which they tend to give it, whilst the earth's gravi- 
tation as constantly tends to carry the water away 
from that position, together with the surface on which 
it rests. 

Let us now suppose all other bodies of the Solar 
System to be so far removed from the earth that the 
individuality of their forces of gravitation on the 
earth may be lost in that of the remaining force — 
which is, in fact, that of the stars, or, as we have 
before termed it, astral gravitation. 
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And, as regards the axial rotation of the earth, 
as that rotation is eastwards, the earth's gravitation 
tends to carry the ocean eastwards with the surface 
on which it rests ; but astral gravitation, drawing in 
the opposite direction, tends to give it a relative mo- 
tion westwards over the surface of the earth all round 
the earth. But as the stars draw the water west- 
wards through the equatorial regions, where the force 
of their gravitation, compared with that of the earth, 
is relatively greater than iu the temperate zones, the 
earth's gravitation draws an equal volume eastwards 
through the temperate zones, in which the force of 
its gravitation is relatively greater than ui the equa- 
torial regions : ^ and also as the stars draw the water 
upwards from the surface of the earth in the equa- 
torial regions, the earth's gravitation draws an equal 
volume downwards to the surfiice of the earth in the 
temperate zones. From this opposing action of astral 
and terrestrial gravitation there results the elaborate 
system of oceanic circulation described in Book II. 
The circulation there described is quite independent 
of the individual action of the sun and moon, though 
the gravitation of those bodies is included in the 
force of gravitation whose combined action causes 
that system of circulation. The opposing forces of 
terrestrial and astral gravitation together represent 
universal gravitation or the action of vis-inertias. 

We have, in Book III., shown that in the same 

1 See Chapter XXL, Proposition XXVII., Sect. 6. 
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manner as that in which astral gravitation opposes 
terrestrial gravitation it must also oppose the action of 
solar and Imiar gravitation, causing a counter-move- 
ment for each movement caused by the latter forces. 
The movements and the counter-movements in each 
case equally result from the eflPbrt of vis-inertiae to 
maintain the equilibrium of the ocean. 

In the same manner as vis-inertiae creates the 
movements and counter-movements which circulate 
the ocean, as described in Book II., in consequence 
of inequalities in the action of terrestrial and astral 
gravitation, it must also, as shown in Book III., 
create movements and counter-movements in conse- 
quence of inequalities in the action of solar or lunar 
and astral gravitation. The consideration of the 
action of vis-inertise thus leads us to a considera- 
tion of the effects of solar and lunar gravitation on 
the ocean, as forming a part of that action of vis- 
inertiaB. 

Let us now consider the effect of the gravitation 
of the sun and moon in their actual positions. 

For this purpose let s, in Plate XIII., represent the 
sun, E the earth, and m the moon. Then, first, as 
regards the solar tides : if the sun and earth be at 
rest, the sun's gravitation raises a tide (c D in Fig. 1) 
on that part of the earth immediately under the sun, 
and astral gravitation raises a tide (f g) on exactly 
the opposite side of the earth. 

The sun, however, rotates eastwards on its axis. 
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and as it rotates its gravitation tends to carry the 
earth with it, the latter endeavouring to maintain its 
position in relation to the nearest part of the surface 
of the sun. But as the sun's gravitation endeavours 
to carry the earth eastwards, it endeavours to draw it 
from the position in which astral gravitation tends to 
hold it. And this latter force prevents the earth from 
maintaining its position in relation to the rotating 
surface of the sun. And though the earth is drawn 
onwards in its orbit by solar gravitation, it is, in con- 
sequence of the retarding action of astral gravitation, 
constantly falling westwards in relation to the surface 
of the sun. 

As the attraction of solar gravitation draws the 
earth onwards in its orbit, it draws the solar tide 
fwestwards m relation to the surface of the earth) to 
that part of the surface of the earth which is in advance 
in the earth's orbital motion. This is a meridian 
somewhat nearer that of the sun than the meridian of 
G^ A.M. Let us, for the present arbitrarily, suppose 
this to be the meridian of 6-J'' a.m. And astral gravi- 
tation — acting in exactly the opposite direction to that 
in which the sun's attraction tends to carry the earth — 
draws the counter-tide westwards, to the part of the 
earth opposite that to which the solar tide is drawn. 
This is a meridian more remote from the sun tlian the 
meridian of 6'' P.M., and doubly remote from that 
which is most behind in the central line of the earth's 
orbital motion. The positions of the solar tide c d, 
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and the solar counter- tide f g, would then be as shown 
in Fig. 2. 

Then as regards the lunar tides : the action of the 
moon on the lunar tides is exactly the reverse of that 
just described as the action of the sun on the solar 
tides : for the earth is revolved in its orbit round the 
sun by the force of solar gravitation, which raises the 
«,lar lie ; wherea. it is Se «rf,'« gravitation wMch 
revolves the moon in its orbit round the earth. But 
we may, for the sake of simplifying the question, just 
for the present, suppose the earth to be revolved round 
the moon in the opposite direction to that of the real 
motion of the moon round the earth. 

Then, as the moon revolves eastwards round the 
earth, the relative positions of those bodies and the 
lunar tides are the same as if the earth be supposed 
to revolve westwards round the moon. Then, as in 
the case of the solar tide, the lunar tide, i h, in Fig. 3, 
is drawn to that part of the earth's surface which 
is in advance in this orbital motion, and the counter- 
tide, J K, is drawn by astral gravitation to exactly 
the opposite side of the earth. 

In consequence of the small ness of the moon's orbit, 
the lunar tides are drawn more towards the moon's 
meridian than is the case with the solar tides in 
relation to the sun's meridian. Let us, for the sake 
of illustration, suppose this difference to be double 
that in the case of the solar tides. Then, as there is 
a difference of an hour in the relative distances of the 
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solar tide and the solar counter-tide from the sub's 
position (those tides corresponding with the meridian 
of 6^'' A.M. and 6^*' p.m.), there will be a difference of 
two hours in the relative distances of the lunar tides 
from the moon's position. 

Therefore, though if the sun, moon and earth were 
at rest, then the tides raised by the sun and moon 
would be in conjunction at the same time as they ; 
as the earth and moon are in motion, the tide 
raised by the sun's gravitation as it revolves the earth 
round the sun, and that raised by the moon's gravi- 
tation as the earth revolves the moon round it, wiH 
not be in conjunction when the sun and moon are in 
conjunction, because the position of the solar tide 
being b^^ west of the sun's meridian, and that of the 
lunar tide being 5'' east of the moon's meridian (for 
the moon follows its tide), therefore the lunar tide 
can only be in conjunction with the solar ti.le when 
the moon is 5'' west of the meridian of G^** a.m. — that 
is, when the moon is on the meridian of l-g*" A.M. The 
moon reaches this latter meridian in rather less 
than two days after being in opposition to the sun. 
Therefore, about two days after the snn and moon 
being in opposition, the lunar and solar tides will be 
in conjunction (as at c D in Fig. 2), their coimter- 
tides also being at the same time in conjunction on 
the opposite side of the earth (as at f g). But also 
when the moon is at the opposite point of its orbit 
(as at n), two days after conjunction with the 8un, 
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the lunar tide will be in conjunction with the solar 
counter-tide, and the lunar counter-tide at the same 
time in conjunction with the solar tide. Thus about 
two days after conjunction, and also two days after 
opposition of the sun and moon, their tides (as a 
whole) are in conjunction, and not when the sun 
and moon are themselves in conjunction and opposi- 
tion. 

And then the combined action of the sun and 
moon endeavours to place the high spring tide on 
the meridian of 6^^ a.m. 

Thus, as shown in Fig. 2, the tidal action of the 
moon acts in conjunction with that of the sun at the 
moment when the earth's course westwards round 
the moon is in conjunction with its course eastwards 
round the sun. 

The solar and lunar tides are again in conjunction 
when the earth's course westwards round the moon is 
exactly in opposition to its course eastwards round 
the sun. But in the latter case the solar tide is not, 
as in the former case, in conjunction with the lunar 
tide, but with the lunar counter-tide ; the lunar tide 
being at the same time in conjunction with the solar 
counter-tide. 

From this it is obvious that the study of the tides 
would be simplified and rendered more accurate by 
dating the hour of the ' establishment ' of ports from 
the time when the earth's course round the moon is 
in conjunction with, or opposition to, its course round 
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the sun, than by the present method of taking as the 
' establishments ' the hours at which the first high 
tide occurs at the various ports after the sun and 
moon being in conjunction or opposition. 

For the time when the earth's course round the 
moon is in conjunction with its course round the sun 
is the normal hour of the monthly conjunction of the 
lunar with the solar tide, and therefore the * priming ' 
and ' lagging ' of the tides throughout the month 
may be calculated in a more simple and accurate 
manner by considering this as the commencement 
and close of the tidal months, and by reckoning the 
cycle of variations m the alternate ' priming ' and 
' lagging ' of the tides through these intervals, instead 
of through the intervals between the times of new 
moon. 
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CHAPTER X. 

MOVEMENTS OF THE TIDES IN RELATION TO THE 

SURFACE OF THE EARTH. 

We have thus far determined the positions, in rela- 
tion to the sun and moon respectively, in which those 
bodies tend to raise their tides, supposing the earth 
simply to be moved onwards in its orbit round the 
sun, or in an orbit round the moon. Let us now 
consider how these positions will be aflfected by the 
earth's axial rotation, and what course this rotation 
will give them over the surface of the earth. 

In the position of the tides in Fig. 2, Plate XIII., 
the effect of the axial rotation of the earth has not been 
taken into consideration at all. We have seen that 
the solar and lunar tides are in conjunction when the 
relative positions of the sun and moon are such that 
the earth's motion eastwards round the sun, or west*, 
wards round the moon, are in the same line. And 
therefore, if the earth did not rotate on its axis, the 
solar and lunar tides at the time of conjunction would 
be on that part of the earth which is in advance in 
those motions, the two counter-tides being together 
on the opposite side, as in Fig. 2. But, as the earth 
rotates eastwards on its axis, it tends to carry the 
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tides with it towards the position shown in Fig. 4. 
They constantly endeavour to get into the positions 
in which the lunar and solar forces respectively tend 
to place them ; but the surface of the earth, on which 
they rest, as it revolves eastwards, is as constantly 
endeavouring to carry the tides eastwards with it. 

And therefore, whatever may be the normal 
velocity with which water would move through the 
ocean under the action of the luni-solar force towards 
the meridian on which that force tends to place the 
tide, it must be constantly rising towards that meridian 
from the east in the equatorial regions, and from the 
west in the higher latitudes in which the velocity 
with which the surface rotates eastwards is less than 
the normal velocity of the tide. 

Thus, as shown in Plate XIV., the high spring 
tide would lie diagonally across the meridian of 
6^^ A.M., so that in the temperate regions the 
surface of the earth would reach it in the early 
morning, and in the equatorial regions not until 
during the forenoon. And therefore, if an unbroken 
expanse of ocean covered the earth, the hours of high 
water at different places would increase as the distance 
from the equator decreased, for the tide would first 
touch the meridian in high latitudes, and then travel 
down it from the north and south to the equator, and 
then fall on the equator as it rose again along the 
meridian in higher latitudes. 

Thus the luni- solar tide on the side of the earth 
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in advance in the orbital motion, and the counter-tide 
on the opposite side, would, whilst keeping their 
positions unchanged in respect to the forces by 
which they are raised, appear to have cyclonic move- 
ments, for they would (even if their course were due 
west) alternately rise and fall towards and from the 
equator along each meridian just as much as east and 
west along each parallel of latitude. 

The tide, though travelling round the earth from 
east to west, would commence on any meridian in 
high latitudes in the form of an undulation rising 
fi'om the west, and would then converge along the 
meridian towards the equatorial regions where the 
undulation would be from the east, so having the 
apparent motion of a cyclone on each side of the 
equator : for, as already shown, the tide is in a chronic 
state of trying to place itself on the meridian on 
which the luni- solar force tends to raise it ; but, as 
the earth's rotation as constantly prevents it from 
achieving this, it is for ever rising towards it from 
the west in high latitudes, and from the east along 
the equator, being upon it only in the intermediate 
latitude, in which its normal velocity is the same as 
that with which the latitude rotates. 

Thus it is evident from the foregoing that, though 
the whole tide travels westwards, not only have the 
tidal undulations movements in opposite directions 
in the temperate and equatorial regions, but, besides 
this, recorded times of high water would show a 
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regular rise and fall along each meridian, as well as 
along the parallels of latitude. 

It will be observed that the action here described 
harmonieeB with the viewa arrived at in Book III., 
through the arguments in that and the preceding 
Books, for though we have here shown that the tide 
ia carried eastwards in the equatorial regions by the 
earth's rotation, it is just as true, according to the 
action of vis-inertis described in the foregoing Books, 
that, as in the equatorial regions the tides vibrate 
westwards, following the force which raises them, 
where its action ia relatively greater than the earth's 
gravitation, at the same time, in the temperate zones, 
where the earth's gravitation is relatively greater 
than that of the foreign force, it causes an equal 
vibration eastwards, and so maintains the equilibrium 
of the ocean ; and therefore, though in the ocean as 
it exists the tides cannot sweep round the earth with 
the regular cyclonic vibrations above described, their 
course will be determined by the action of vis-inertia; 
— for the same counteracting forces are brought into 
play in each instance, preserving the equilibrium of 
the ocean. If the latter surrounded the earth as an 
unbroken expanse of water, then the tides would 
simply be excrescences upon the ocean, through which 
the circulation described In Book II. would run its 
course without being aifected by them. And in the 
actual ocean, though the fragmentary tides wiU be 
sources of disturbance, as they are broken and de- 
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fleeted by the coast-lines, the undulations must never- 
theless be under the dominion of the forces there de- 
scribed : according to which, as the luni-solar forces 
move westwards in relation to the surface of the earth, 
they carry the tides westwards with them in the equa- 
torial regions, in which the force of their attraction 
is greatest ; whilst, at the same time, the force of 
terrestrial gravitation maintains the equilibrium of 
the ocean on the surface of the earth by drawing an 
exactly equal mass of the tide eastwards through the 
temperate zones, in which the ocean is more under 
the dominion of the earth's gravitation, and less 
under the dominion of the forces which raise the 
luni-solar tides, than in the equatorial regions. And 
thus, therefore, the relative volume of water on 
every meridian, and on every parallel, can never 
vary. 

The position of the ocean in relation to the surface 
of the earth is determined by universal gravitation or 
vis-inertiaB, and is constantly the same both in longi- 
tude and latitude. Though the luni-solar forces change 
their positions in relation to the surface of the earth, 
the volume of water on every meridian and on every 
parallel remains, nevertheless, constantly the same ; 
because this is determined by the combined power of 
the gravitation of the universe, and cannot be affected 
by the individual action of any of the forces of gravi- 
tation within the universe. As the luni-solar forces 
move a volume of water from any part of any 
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meridian, the vis-inertiaB of the ocean carries an 
exactly equal volume to some other part of that same 
meridian. And so, also, if the luni-solar forces move 
a volume of water from any part of any parallel of 
latitude, the vis-inertiaB of the ocean carries an equal 
volume of water to some other part of the same 
parallel of latitude. Thus, therefore, as the tidal un- 
dulations caused by the luni-solar forces rise on any 
meridian in the equatorial regions, there is a corre- 
sponding fall on that same meridian in the temperate 
zones : and as the tide falls on any meridian in the 
equatorial regions it rises on the same meridian in 
the temperate zones. Thus the action of vis-inertiaB 
resulting froru the earth's axial rotation causes the 
tides to move westwards in the equatorial regions and 
eastwards in the temperate zones, just in the same 
manner as that in which it causes the oceanic circula- 
tion described in Book II. 

This action is the same as regards both the solar 
and the lunar tides, because it acts upon them accord- 
ing to their position in the ocean, and is in no way 
concerned with the cause of their being raised in 
one part of the ocean rather than in another : it simply 
determines their movements in relation to the sur- 
face of the earth, and is not concerned with what 
the cause of the tide may be. And for just the 
same reason that any given mass of water which 
the earth's gravitation tends to hold in any part of 
the ocean is carried through the oceanic circulation 

I 2 
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before described, so also that which the gravitation 
of the sun or moon tends to place in any given 
part of the ocean is carried through the same course 
in relation to the surface of the earth. The fact 
of the moon's gravitation drawing the tide eastwards 
from below the moon, and the sun's gravitation 
drawing the solar tide westwards from below the 
sun, has nothing to do with the course of the tide 
through the ocean after it has been raised by either 
of those forces. After it is placed in any part of the 
ocean it is carried from that part, through the course 
of circulation which vis-inerti^ determines, without 
reference to whence it came, just as water placed 
in any part of the ocean by the earth's gravitation 
is carried through the same course of circulation 
without reference to whence it originally came. 

Whatever the positions of the sun or moon in 
relation to any given meridian may be, their gravi- 
tation forms a part of the current- creating force of 
vis-iuertiaB, acting westwards on that meridian just 
as much as on any other meridian. The tidal action 
of the sun and moon is, therefore quite distinct from 
the current- creating action of vis-inertiae, though the 
gravitation of the sun and moon is merged in, and 
forms a part of, this current-creating force of vis- 
inertiaB. 

The tides, as they are broken by the coast- 
lines, are constantly being thrown into the course of 
the ocean currents resulting from the action of vis- 
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inertijB, though ocean currents and tides are move- 
ments of distinctly different natures. 

The ocean currents, aa already shown, result 
from the great cosmical force of gravitation draw- 
ing in all directions from the centre of the earth, 
opposing terrestrial gi'avitation drawing towards 
the centre of the earth ; and they form a system 
of circulation within the position in which the 
ocean is held by gravitation, without tending to 
cause any changing of the position of the ocean in 
relation to the surface of the earth ; and these ocean 
currents would exist even if the earth were not 
affected by the gravitation — or by any other influence 
— of the other bodies of the solar system : whereas, 
the tides result from the disturbing influence of thft 
bodies within the solar system, which cause a con- 
stant changing of the position of the ocean, in accord- 
ance with the changes in their positions in relation to 
the surface of the earth ; but the movements which 
form the tides are undulations or oscillations of the 
ocean, and not currents, though, where obstructed 
by coast-hnea, they fonn currents about the coast. 

The current-creating action of vis-inertiaB is the 
cause of the currents by which the circulation of the 
ocean is effected, and must form the basis of any 
effective investigation of the tides ; for the study 
of the tides is, in fact, a branch of the study of 
vis-inertiffi, and it is not possible to trace out and ex- 
plain the tidal movements of the ocean without the 
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assistance of the theory of vis-inertiaa, which must 
reveal the coarse of the earth's onward motion in 
the universe, as it has revealed the abstract nature 
of the forces by which it is held in equilibrium as it 
sweeps along the path determined by those forces. 



BOOK V. 
AN INVESTIGATION OF OCEAN CURKENTS. 

sHowiNa 

THAT A CIRCULATION ACCORDING WITH THE ACTION OF 
VIS-INERTLaE, DESCRIBED IN BOOK H., EXISTS IN THE 
OCEAN. 
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CHAPTER XL 

EVIDENCES OF THE CURRENT -CREATING ACTION OF VIS- 
INERTI-ffi, RESULTING FROM THE AXIAL ROTATION 
OF THE EARTH. 



PAET I. 

EVIDENCES OP THE EXISTENCE OP THE OUEEENTS DB- 
SCBIBED AS ENCLOSING THE OCEANIC DISTBICTS SHOWN 
ON THE CHARTS ON PLATES I. AND II. 

In the equatorial regions, from the eastern parts of 
the Pacific Ocean, there is a constant motion of the 
ocean westwards ; and the water carried westwards 
by this motion is as constantly repla<5ed by currents 
flowing towards the equator from the directions of 
California and Chili. In the western part of the 
Pacific, the water brought to that part of the ocean 
througk the equatorial regions is poured northwards 
and southwards from the equator, a portion also 
continuing its westward coarse through the channels 
leading into the Indian Ocean. 

The water turned northwards from the equatorial 
regions in the western part of the Pacific Ocean 
meets, near the Japan Islands, with a stream of cold 
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water flowing fiDm the north. The supply of water 
brought by these streams to the temperate zone on 
the western side of the ocean is carried eastwards 
through the temperate zone, forming a constant 
stream, which, in the neighbourhood of the coasts of 
Oregon, divides northwards and southwards ; the 
former portion flowing towards Russian America, the 
latter towards the equator. 

In the North Atlantic Ocean the general course 
of the currents is siimlar to that just described as 
existing ia the North Pacific Ocean — ^namely : west- 
wards in the equatorial regions ; northwards fi-om 
the equator to the temperate zone on the western 
side of the ocean ; southwards fi-om the temperate 
zone to the equatorial regions on the eastern side of 
the ocean ; eastwards through the temperate zone* 
In the temperate zone on the western side of the 
ocean, the warm water flowing jfrom the equatorial 
regions meets a stream of cold water flowing fi-om 
the north ; and the water which flows eastwards 
through the temperate zone divides northwards and 
southwards in the eastern parts of the ocean — the 
one portion flowing southwards past the Cape Verde 
Islands, the other flowing northwards to the east of 
Iceland. 

We have seen that the westward motion through 
the equatorial regions of the Pacific is continued in 
the Indian Ocean. In this ocean a further supply for 
the westward course of the waters in its equatorial 
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regions is brought from the south temperate zone 
by o stream flowing northwards along the western 
coast of Australia. The water carried westwards 
in the equatorial regions flows southwards, on the 
western side of the ocean, from the equator towards 
the Cape of Good Hope. Kear the Cape of Good 
Hope it meets cold water from the eouth. From this, 
through the temperate zone, the water flows eastwards 
towards Australia, where a portion of the eastward 
stream turns northwards, flowing towards the equator 
on the eastern side of the Indian Ocean — the re- 
mainder flowing on eastwards towards the South 
Pacific. Through the temperate regions of the South 
Pacific, the water constantly flows eastwards towards 
the coast of South America, where, in the neigh- 
boiu"hood of the southern parts of Chili, the stream 
divides — one portion flowing northwards towards the 
equator, the other flowing southwards towards Cape 
Horn, from which it flows northwards and eastwards 
into the South Atlantic. 

In the equatorial regions of the Atlantic the great 
mass of the water heaves westwards as in the Pacific. 
In the eastern part of the South Atlantic, as in that 
of the North Atlantic, the water flows from the tem- 
perate zone towards the equator, forming a supply 
for the great westward motion of the water in the 
equatorial regions. From the equatorial regions in 
the western part of the ocean, in the neighbourhood 
of Cape San Roque, the water brought westwards 
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divides northwards and southwards ; the latter flow- 
ing from the equator to the temperate zone through 
the western part of the South Atlantic, as we have 
seen that the portion turned northwards does through 
the western part of the North Atlantic. Through 
the temperate zone of the South Atlantic the water 
flows eastwards, as through the temperate zone of the 
North Atlantic. 

Thus far we have given the general features of 
the circulation of oceanic currents, as far as has been 
so clearly ascertained by experience as to be no 
longer questions of controversy. And the course of 
the currents, as &r as described in this sketch, will 
be observed to be in close accordance with that of 
the currents which, under the theoretical action of 
vis-inertiaB described in Book II., tend to form 
the oceanic districts shown in the chart on Plates I. 
and IL of this volume, and also in Plate VI. 

It is weU known that in the Great Southern 
Ocean a current flows northwards from the Antarctic 
regions of the Pacific, bringing with it icebergs, 
which, on reaching the eastward current already 
described, are carried eastwards towards Cape Horn ; 
and a similar movement of icebergs towards the 
Cape of Good Hope from the Antarctic regions of the 
Atlantic appears to indicate the existence of a north- 
ward current from the Antarctic regions of the 
Atlantic analogous to that which flows from the 
Antarctic regions of the Pacific. Those portions of 
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the Great Southern Ocean which lie just west of each 
of these ice-bearing currents are found to be com- 
paratively free from ice, as is shown by the useful 
and interesting chart of the Antarctic Ocean recently 
I published by the Admiralty. The absence of ice- 
I'trergs in the parts of the ocean just mentioned 
I appears to indicate a southward motion of the water 
I preventing the ice from moving northwards in those 
parts of the ocean. The currents, to and from the 
Polar regions, which may be inferred from these 
movements of the icebergs, are clearly in accordance, 
both as regards their relative positions and directions, 
with those described theoretically as resulting from 
I the action of vis-inertia?, and shown in the charts on 
['Plates I., 11, and XI. 

As the current which, according to the theoretical 
[■action of vis-inertia, runs westwards from the Atlantic 
I to the Pacific has not been found to exist passing 
I north of Graham Land, it must, according to that 
I' theory, pass through the unexplored regions lying 
[between Graham Land and the land (supposed to 
fbe portions of an Antarctic Continent) discovered 
[• in the voyages of exploration under Captain Wilkes 
Land Sir James Ross. The phenomena of the ice- 
I bergs above referred to clearly accord with that 
I which is theoretically indicated as the course of the 
current in tjuestion. It keeps open a comparatively 
clear seaway in its course southwards from the At- 
lantic to the Antarctic regions, and, after sweeping 
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the Antarctic coast, it flows northwards into the 
Pacific with its temperature reduced, and laden with 
icebergs from the frozen regions of the South. 

The accordance of the Antarctic currents with 
the theoretical action of vis-inertiaB is farther cor- 
roborated by the observations of Sir James Ross and 
by those of Captain Wilkes. The former foand the 
current running southwards off the coast of South 
Victoria ; and the latter, who sailed westwards in the 
Antarctic regions of the Indian Ocean, along what 
he supposed to be the shores of an Antarctic Conti- 
nent, says that the movements of the ice detached 
fi-om the supposed coast-line appeared to indicate a 
motion of the water westwards and northwards. 
The remarkable accordance of Captain Wilkes' 
observations on the movements of the ice in those 
regions with what would naturally result fi'om the 
action of vis-inertiae in case of a coast-line existing 
there, appears to me to leave no doubt of the exist- 
ence of a sufficient extent of land in those regions to 
form an ' Antarctic Continent.' 



PAET n. 

EVIDENCES OP THE EXISTENCE OP THE EQUATORIAL 

OOUNTEE-OUBEENTS. 

We have thus far found the currents which en- 
close the districts shown on the charts as theoreti- 
cally resulting fi'om the action of vis-inertiaB to be in 
accordance with actual observation. 
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In Book II. we described the tendency of the 
action of vis-inertiae to cause a counter-current to 
run eastwards in the equatorial regions, dividing the 
waters which tend to diverge northwards from those 
which tend to diverge southwards from the equator. 
In the Pacific, as might be expected from the con- 
figuration of the coast on the western side of the 
ocean, such a counter-current is clearly developed. 
And this Pacific counter-current appears to be a 
remarkable illustration of the amount by which the 
current-creating action of vis-inertiae exceeds that of 
the winds ; for, of any quantity of water blown to- 
wards the equator from the north-east and south-east 
by the Trade Winds, a portion would naturally tend 
to return eastwards through the belt of equatorial 
calms, where it is released from the action of the 
winds which have impelled it westwards : but this 
counter- current appears, as far as I have ascertained, 
to run through the region of the NE. Trade Wind ; 
whereas the action of the winds might have been 
expected so to modify the natural action of vis- 
inertiae as to compel it to make its way eastwards 
through the calm belt, where the action of the winds, 
instead of opposing, would rather, as shown above, 
tend to assist it on its course. 

In the Atlantic, the configuration of the coast 
projecting eastwards in the equatorial regions must pre- 
vent a counter-current analogous to that of the Pacific 
from being developed to more than a very trifling 
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extent ; and if observable at all, it must appear as an 
inshore eddy, or as a stream from the Amazon River. 
That which is shown as the equatorial counter-current 
of the Atlantic is contained within the north equa- 
torial district of currents, and is not (as in the 
Pacific) a current dividing the north from the south 
equatorial district. In consequence of the peculiar 
configuration of the coast of Africa, the current which 
runs from the temperate zone to the equator on the 
east side of the ocean runs eastwards during a great 
portion of the latter part of its course to the equator. 
And also the difierence in the configuration of the 
oceans causes an eastward current to be very largely 
developed within the North Atlantic district which 
is developed to a comparatively trivial extent in the 
South Atlantic district. The evidences of the exist- 
ence of these eastward currents must, therefore, be 
considered in connection with the investigation of 
the currents contained within the North Atlantic 
district. 



PAET III. 

EVIDENCES OP THE EXISTENCE OP THE OUERENTS THEO- 
EETIOALLT DESOBIBED WITHIN THE OCEANIC DISTRICTS. 

The chart of the Atlantic given on Plate XV. is 
drawn to illustrate the action of vis-inertiaB within 
the equatorial districts. Let us consider what traces 
of the existence of currents of the nature we have 
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described have been observed within the North 
Atlantic district. 

Speaking of the Atlantic Equatorial Current, 
Major RenneU says that — ' At the middle point 
between the two continents, and precisely at the 
equator, the stream sends off a very large branch 
to the north-west, and into the midst of the North 
Atlantic ; whilst the main stream turns to the west- 
south-west, pointing to the promontory of Cape San 
Roque : and, when it approaches that Cape, it sub- 
divides ; the largest part passing by the north of the 
Cape, towards the West Indies ; the other southward, 
along the eastern coast of Brazil/ ^ 

The stream mentioned in the first part of the 
foregoing extract as diverging north-westwards into 
the North Atlantic is clearly in accordance with the 
current or, described theoretically in connection 
with Plate IX.; as resulting fi*om the action of vis- 
inertiae. Of this current. Major RenneU says farther 
on : ' The north-west branch of the equatorial 
current, which separates in about longitude 23°, as 
aforesaid, is traced, at common times, as far north as 
18°, and sometimes even as far north as 30°. It 
appears to be, at least, eighty leagues in breadth, but 
not of rapid motion (perhaps less than one knot at a 
mean), and runs nearly in the direction which the 

* An Investigation of the Currents of the Atlantic Oceany by 
Major James RenneU, F.R.S. (London, 1832), p. 23. All follow- 
ing quotations from Major RenneU are taken from the same 
work. 

K 
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NE. Trade admits ships to take ; in their progress 
northwards it is often a great help.' ^ And then 
Major Rennell remarks : ' I am unable to account 
satisfactorily for the cause of this great derivation 
from the great trunk stream of equatorial current, 
unless it be to supply the waste of water, by evapo- 
ration, within the tract occupied by the warm water 
of the Gulf Stream — ^in effect its recipient — and the 
supply of the Mediterranean Sea.' 

As the stream here described runs right across 
the NE. Trade Wind, it is naturally a stumbling- 
block in the way of a theory which makes the winds 
the great prime movers of the oceanic currents ; for, 
if a stream of this sort run right across the NE. 
Trade Wind, it is not easy to see how the Trade 
Winds can be the great prime cause of the Gulf 
Stream, which does not itself run with the wind. 

Although this stream has not been traced con- 
tinuously beyond 30** N., we find, in another part of 
Major Rennell's useful work, further evidences of its 
existence in a course coinciding with the theoretical 
action of vis-inertiaB which we have described. Re- 
ferring to a Report on Currents, Major Rennell says : 
*An important notice communicated by it is the 
proof of a counter-current of warm water ^ of 13 to 
21 miles, running to the westward, and along the 
south side of the main stream (the Gulf Stream), 
between the parallels of 35° and 36°. This is the 
second example of the sam'e kind, Captain Livingston 

» P. 115, ih. 
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having experienced a like current in latitude 39°, 
and between the meridianB of 55° and 62^° W.' ' 
And in a note farther on Major_ Rennell says fui-ther 
of this current i ' A cotinter-current of warm, wafer, 
reported by Captain Livingston, in such a position as 
to appear a kind o? anomaly, in our present imperfect 
state of knowledge, has been already spoken of at 
large. From the weight of authority, the fact cannot 
be questioned. It may be sufficient in this place to 
state that the current, running "W. by N. more than 
100 leagues, occurred between the parallel of 38° 50', 
long, 62i°, and lat. 39° 20', long. 55°. ' ^ 

The ^parmth of the water in this observed current 
is of importance, because, but for its temperature, it 
would have been at once asserted that it came from 
the Azores, It, however, clearly coincides with the 
current e (in Plate IX.), diverging westwards, to turn 
southwards, from the point x, at which the stream or 
meets the stream a b c. And, in fact, this water 
comes from the equator by a shorter route than that 
of the Gulf Stream, which it must meet a short 
distance west of the longitude in which it was 
observed by Captain Livingston, The current here 
reported appears to indicate that the main stream o b 
meets the stream A B c in mid-ocean, east of the 
position in which the current in question was ob- 
served ; for, as the stream ABC, flowing from the 
equator, tends eaBtwarde, and the offset E, turned 
' Ik p. 238. 3 /J. p. 253. 
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towards the equator, tends westwards, the latter must 
tend to run as a counter- current parallel to the course 
of the former, until its natural course westwards 
towards the equator is at length obstructed by the 
course of the stream a b c. The point at which the 
obstruction occurs forms the theoretical point y, from 
which the offset h is forced eastwards towards the 
equator between the main streams o b and a b c. 

As regards the evidences of the existence of 
the theoretical current h on Plate IX., which is also 
illustrated in the Chart on Plate XV., Captain Living- 
ston, as quoted by Mr. Findlay, says : * I have no 
doubt that there is a current, or rather offset, from 
the Gulf Stream to windward, between Bermuda and 
the Bahamas. In the " Brilliant," we found ourselves 
retarded very much in making westing when run- 
ning for the Hole-in-the-Wall, one day, about 30 
miles of longitude, by excellent observations, the 
truth of which was confirmed by our land-fall. In 
the " Dispatch " we got out of the Gulf on the 13th 
of March, 1819, when we were at noon, by observa- 
tion, in lat. 28** (/, long., by account, 79** 12' ; on the 
20th of March, at noon, we were, by meridian altitude, 
in lat. 29** 48', and long., by account, 72° 32'. Obser- 
vations by sun and moon, a good lunar of three 
sights, altitudes, and distances, and worked three 
times, gave 71° 18' 30".' ^ 

' Memoir descriptive cmd explanatory of the Northern Atlantic 
Oceany by John Pnrdy. Twelfth edition, by Alexander G. Findlay, 
F.R.G.S. (London, 1865), p. 333. 
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The current here observed by Captain Livingston 
must not, ■without authority from actual observation, 
be confounded with an inshore current running from 
the Gulf Stream just north of the Bahamas. For 
this latter may be an eddy -current, contained within 
the theoretical current a b c (Plate IX.), and 
caused by the islands which divide that current into 
two portions ; the greater portion passing south of 
the islands, and the other portion north of them — if, 
indeed, at any season the volume of a b c be too 
great to pass within the islands — in which case, when 
the eddy-current exists, then the portion of the cur- 
rent ABC, of which the eddy-current is an offset, 
should be found running north-westwarda between 
that and the Bermudas : biit this is a question to be 
decided by observation, not only in the current itself, 
where it is strong enough to make itself manifest, 
but also, in order to determine its nature, whence it 
comes and whither it goes, the actual course of the 
principal theoretical current or and its variations 
must be better determined by actual observation ; 
for shallow water, if the bottom be rock or firm 
ground, may be little less important in determining 
the course of the currents within any district than 
actual land. And, indeed, by the configuration of 
tlie bottom of the ocean in the neighbourhood of 
the Bermudas, a portion of the cold water, which, 
under the theoretical action described in Book II., 
endeavours to pass by an under-current from the 
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Labrador Current to the eastern part of the equatorial 
regions of the Atlantic, appears to be forced to the 
surfece of the ocean near the Bermudas — thus 
appearing at the surface immediately after under- 
running the Gulf Stream. Recorded observations, 
which we shall have to mention farther on, appear to 
show that, m general, the whole volume of the theo- 
retical current abc passes inside the Bahamas, 
though not all through the Gulf of Mexico. 

The theoretical current h has also been observed 
farther on its course towards the equator, though it 
hsiS been accounted for by Mr. Findlay in a manner 
which, if there were no other reasons for discarding 
the theory which makes the action of the winds 
the principal current-creating force, would be most 
natural. In the North Atlantic Memoir, Mr. Findlay 
says, ' It has been found that during calm weather, 
even with strong easterly winds, the currents have 
sometimes been running for days together to the 
eastward, especially in the latter parts of January 
and July, when, by the then prevailing strong winds^ 
the water is heaped up in a very uncommon degree, 
and the inner part of the Caribbean Sea, most 
probably overcharged, succeeds in re-establishing its 
equilibrium by forsaking the power of its wrathful 
driver. In this manner, I think, we ought to recon- 
cile those circumstances.' ^ 

But considering how greatly the action of vis- 

1 Ik p. 306. 
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inertia), according to the phenomena before mentioned, 
exceeds that of the winds, and the manner in which 
its action in the ocean, indicated by the oblate sphe- 
roidal form of the earth, is corroborated by the argu- 
ments in Book III., it is scarcely too bold to suggest 
that this current may at times be found distinctly 
runniug eastwards when there is no eastward current 
running from the Caribbean Sea ; or even when the 
currents are as distinctly running westwards into the 
Caribbean Sea through all its western channels. In 
this — perhaps an extreme case, and suggested only 
for the sake of illustrating the theory — the currents 
running westwards into the Caribbean Sea would be 
supplied by the equatorial current along the northern 
shore of Brazil, and by a current running south- 
eastwards from the direction of the Bermudas, and 
afterwards curving southwards and westwards to 
those channels. These two currents, on uniting to 
flow into the Caribbean Sea, would represent the 
theoretical current A b c in Plate IX. As to whether 
the whole of the theoretical current abc passes 
through the Caribbean Sea, or only a portion of it, 
the remainder passing north of the Antilles, is a 
question which can be decided only by actual ob- 
servation. 

This eastward current (h, Plate IX.) is also 
mentioned by Captain Richards, in a paper published 
by the Admiralty, in which Captain Ricliards says : 
' To the eastward of 40° W., part of this easterly 
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current approaches nearer to the equator, or to about 
2° N., and decreases considerably in strength, untU 
joining the Guinea Current, where it increases again 
in velocity as it nears the African shores.' ^ That the 
current observed running eastwards in the western 
parts of the ocean is not the same as that which 
runs eastwards in the eastern parts of the ocean 
appears from what Captain Richards says in the same 
paper — ^namely : * This counter-current has been traced 
to extend, at certain months of the year, from the 
meridian of 53° or 50° W. to that of about 25° W., 
and thus joining or forming a part of the well-known 
Guinea Current. It is seldom experienced to the 
southward of 2° N.,' &c 

Now, that this current should have been traced 
as far as 25° W., accords perfectly with the current 
theoretically described ; and that, when the equatorial 
belt of calms is in the same latitude as the eastward 
currents in question, water carried westwards towards 
the equatorial calm belt by the Trade Winds may 
escape eastwards in the belt of calms, and so tempo- 
rarily effect a union on the surface of the currents, 
appears probable enough ; but that the currents are 
intrinsically different and independent of one another 
appears from the fact of the existence of the current 
described by Major Rennell, branching off precisely 
oa the equator north-westwards, in latitude 23^° W. 

^ Notice to Mariners — Atlantic Ocean Currents near the 
Equator. Hydrographic Office, Admiralty (London, 1866). 
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As this north-westward current branches off from 
the great westward current of the equatorial regions, 
it obviously divides the counter-current running 
eastwards in the western parts of the ocean from 
the Guinea Current running eastwards m the eastern 
parts of the ocean. 

I have noticed that a peculiarity in the configura- 
tion of the bottom of the ocean appears to be the 
cause of a portion of the great North Atlantic under- 
current being forced to the surface of the ocean in 
the neighbourhood of the Bermudas. And, con- 
sidering the great mass of reported currents men- 
tioned in Mr. Findlay's North Atlantic Memoir, it 
would appear that the theoretical current E (Plate 
IX.) is displaced from what would otherwise belts 
natural course, in consequence of this same obstruction. 
This appears to be so for the following reasons. 

Speaking of the Sargasso Sea, Mr. Findlay, in the 
North Atlantic Memoir, says that he is ^ assured, from 
the comparison of a great number of journals, that in 
the basin of the North Atlantic Ocean there exist two 
banks of weeds, very different from each other ; the 
most extensive is a little to the west of the meridian 
of Fayal, one of the Azores, between lat. 25** and 
lat. 36** : ' the second * occupies a much smaller space 
between the 26** and 22** of latitude, eighty leagues 
east of the meridian of the Bahamas.'^ Such a 

* Memoir Descriptive cmd ExpUmatory of the Northern Atkmtic 
Ocecm, p. 292. 
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division of the Sargasso weeds may be taken to indicate 
the course of the theoretical stream o R ; the central 
part of that current making a clear way for itself by 
throwing off the weeds on both sides into the more 
slowly- movmg portions of the rotating currents on 
each side of it. If these floating weeds thus indicate 
the course of the stream o r, it must then also be 
inferred that the theoretical stream e lies west of the 
smaller or western portion of the floating weeds ; 
these weeds being encircled by the stream o R, and 
the counter- streams e and h. And, in fact, numerous 
observations show a setting of the water from the 
border of the Gulf Stream south-eastwards towards 
the Antilles ; though the connected course of the 
counter-streams E and h, and the natural position of 
the theoretical point y, appear to be interfered with 
by the intruding under-current, which we have men- 
tioned above as appearing to be forced to the surface 
near the Bermudas. In this case, from the north of 
the Antilles, the theoretical current h must continue 
its course eastwards and south-eastwards towards 
the equator, between the mid-ocean current and 
the equatorial current, both running in the opposite 
direction. 

This gives a circulation in accordance with the 
theoretical action of vis-inertias described in Book II. 
in connection with Plate IX., and also in accord- 
ance with recorded observations, excepting that the 
course of the counter-current is not very satisfactorily 
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traced from the point x, where the Gulf Stream meets 
the mid-ocean stream, to the Antilles ; but this I 
have suggested ia in consequence of the intrusion of 
the under-current, which deranges the circulation of 
the surface currents in that part of the ocean. 

I do not find any recorded observation to indicate 
that the current e, at any season of the year, takes 
a southward course passing east of the Bermudas ; 
and also, if it ever take such a course, a current 
running north-westwards midway between the 
Bahamas and the Bermudas must almost neces- 
sarily be concomitant with it ; and for this I find no 
authority either. 

Let us now briefly recapitulate what, according to 
the foregoing investigation, appears to be Indicated, 
alike by theory and observation, to be the general 
circulation within the equatorial district of the North 
Atlantic Ocean, 

From the equator, in mid-ocean, a stream runs 
off north-westwards into the North Atlantic, The 
projecting coast of Africa causes the stream which 
encircles the district, returning to the equator on 
the cast side of the ocean, to press down upon the 
north-westward stream, which latter forms a barrier 
preventing the southward stream from falling west- 
wards. The north-westward stream, as it flows 
through the ocean, clears a way through the Sargasso 
Sea, thrusting the weeds off to both sides of its course, 
'I'lie current o R, diverging north-westwards from the 
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equator, has, as already explained, a tendency to turn 
more and more northwards as it proceeds on its 
course ; and the current a b c meets it in mid-ocean, 
south of lat. 40** N. From the meeting-point (x) the 
offset northwards is carried eastwards ; which is the 
course which the current o b would itself, sooner 
or later, have taken, even if not interfered with by 
the current a b c : and the offset southwards (e), 
being under that influence of change of latitude which 
tends to carry it westwards, runs as a counter-current 
along the right-hand side of the stream a b c until 
the course of the latter forces it eastwards, forming 
the eastward current h from the point y to z, so that 
the streams e and h form a continuous counter-current, 
running from the point x, at which the stream o b 
meets the stream abc, first westwards and then 
eastwards, along the right-hand side of the stream 
A B c to the point z, at which the stream o R diverges 
from the equator. The connected course of this 
counter-current appears to be interfered with by the 
upheaval of an under-current, forced to the surface 
by some peculiarity in the configuration of the ocean 
in the neighbourhood of the Bermudas ; but it has 
been recorded running westwards counter to the Gulf 
Stream from about mid-ocean south of lat. 40^ N.: 
then setting south-eastwards, from the Gulf Stream, 
between the Bermuda and the Bahama Islands : and 
again running south-eastwards, from the direction 
of the West Indies towards the equator in mid- 
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ocean. It often forms a rapid current, running east- 
wards north of the Virgin Islands. These appear 
to be the normal currents within the district, though 
varying their position and velocity with the seasons, 
and, at intervals, to a greater or lesser extent 
obliterated by the action of gales and other causes. 

Now, if the currents of the North Atlantic Ocean 
are such as here described, then does not that stream 
flowing from the equator through mid-ocean towards 
t!ic banks of Newfoundland explode the theory which 
makes the winds the cause of the great oceanic cur- 
rents ? Does it not explode any theory which makes 
the winds the principal cause in determining the 
course of the currents, — even supposing the principal 
motive force to result from the inequalities in tem- 
perature and other conditions between the polar and 
equatorial regions ? A theoretical consideration of 
the action of vis-inertiffi shows that it must tend to 
cause such a current : and the investigation of 
recorded phenomena shows evidences of its actual 
existence ; and therefore, as it runs its course and 
forms its counter-currents in a manner according with 
the laws indicated by that theory, it must be admitted 
as a proof of the paramount action of vis-inertiEe in the 
ocean, at least until some other reasonable explanation 
of its existence be given,' 

' Evidence of the existence of tie current e H in the North 
Pacific, the South Pacific, and the South Indian Oceans is more 
dear thiin above shown for the North Atlantic. 
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CHAPTER XII. 

EVIDENCES OF THE CURRENT-CREATING ACTION OF 
VIS-INERTLE RESULTING FROM THE ONWARD MOTION 
OF THE EARTH THROUGH SPACE. 



PART L 

GENERAL EVIDENCES OF ONWARD MOTION. 

In the theoretical consideration of vis-inertiae, I 
have in Chapter III. described the variations in the 
direction of the action of the orbital force of vis- 
inertisB, showing a daily variation through fourteen 
points of the compass, and an annual variation through 
four points, the daily variation being from an action 
westwards in the night-time to an action eastwards 
in the daytime, and the annual variation being firom 
an action northwards in March to an action south- 
wards in September. 

Now, on examining the actual movements of 
the ocean, although there appear such effects as 
may be expected, in accordance with the theoretical 
action of vis-inertiae, to result from an onward motion 
of the earth, these effects do not accord with that 
indicated theoretically as the action of vis-inertia3 
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resulting from the orbital motion. But, variationa 
in the effects alluded to as being in accordance with 
what the theoretical consideration of the action of vis- 
inertias indicates to be the natural reeultof an onward 
motion of the earth, appear to show that the orbital 
force is a partial cause of the effects observed. 

For instance, the effects apparent in the ocean, 
instead of showing an annual change in the action of 
vis-inertias from a northward to a southward direc- 
tion, indicate a constant action northwards ; though 
at the same time an annual variation in the northward 
action, by which its action in March is greater than 
in September, appears to show the influence of tlie 
orbital force. 

And also, aa regards the diurnal variation in the 
action of the orbital force, there is not apparent such 
a reversal from eastwards m tlie daytime to west- 
wards at night-time as that which the sole action of 
the orbital force would tend to cause. But there 
are, however, apparent effects which indicate such 
a change from an eastward action in the daytime 
to a westward action in the night-time as accords 
with the onward motion indicated by the north- 
ward action and its variation above mentioned. 
Because in such case the orbital motion being only a 
component of the earth's true motion, and the latter 
being not in the plane of the ecliptic, but inclined 
southwards, more in the line of the poles ; then, in- 
stead of a diamal change from east to west through 
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fourteen points of the compass, the diurnal change in 
the action of the force resulting from onward motion 
would be less in proportion as the direction of the 
motion more nearly coincided with the line of the 
poles. If the line of motion coincided exactly with 
the line of the poles there would then be no varia- 
tions whatever in the action of the force resulting 
from that onward motion ; but its action throughout 
the year, both by day and night, would be north- 
wards through mid-ocean and southwards along the 
shores. 

In the ocean, eflFects in accordance with the action 
theoretically resulting from an onward motion of the 
earth indicate a motion southwards ; and variations 
both annual and diurnal appear to indicate that, 
though the line of motion does not coincide with the 
line of the poles, the divergence of those lines is not 
very great. 

The action of vis-inertiae resulting from the onward 
motion of the earth appears • to be indicated in the 
Atlantic by a greater tendency of the currents in 
mid-ocean to run northwards, and of those alonor 
the coasts to run southwards, than accords with the 
action of vis-inertiae which results from the axial 
rotation of the earth. For instance, the current 
which diverges northwards from the equator in mid- 
ocean under the action of axial rotation, as before de- 
scribed, we have found to be clearly recorded ; whereas 
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I do not find that the analogous divergence south- 
wards has been noticed, and it is only by means 
of observations which accord with the course of its 
counter-currents that I find any recorded trace of its 
existence. And, as regards the coasts, the stream 
which runs southwards from the Arctic regions on the 
west of the ocean shows a remarkably constant ten- 
dency to keep inshore during the whole of its course 
from the east coast of Greenland to the coast of 
Florida : it being, in fact, forced inshore both by the 
action resulting from axial rotation and by that 
resulting from onward motion. But the stream from 
the Antarctic regions, analogous, as far as axial rota- 
tion is concerned, to the Arctic stream just described, 
appears to be drawn from the direction of Cape Horn 
eastwards towards mid-ocean, though the sole action 
of axial rotation would tend to throw it inshore from 
Cape Horn, and cause it to run northwards along 
the east coast of South America ^ in the same manner 
as that in which it tends to throw the Arctic stream 
inshore against the coast of North America ; instead 
of which the stream from Cape Horn bears eastwards, 
leaving a great eddy to run southwards between it 
and the shore. 

' The * Challenger ' explorations have shown the existence of 
a greater mass of cold water moving northwards below the surface 
in that locality than was apparent in 1868, when the above was 
published. But the corresponding stream in the northern hemi- 
sphere is much more apparent on the surface, as stated in the text 
above, which those explorations corroborate. 

L 
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The tendency of this Antarctic stream to take its 
northward course through mid-ocean, compared with 
that of the Arctic stream hugging the shore in its 
southward course, accords with what would naturally 
be the action of vis-inertiae resulting from a south- 
ward motion of the earth. For we have seen that 
the action of such a force tends to circulate the 
waters northwards through the deep and central 
parts of the ocean, and southwards along the shores. 
This action appears to be again exemplified on the 
east of the ocean by the frequent occurrence of a 
stream southwards from the equator along the west 
coast of Africa ; the northward stream from the direc- 
tion of the Cape of Good Hope being drawn towards 
mid -ocean, whilst the southward stream runs between 
it and the coast. 



PAET IL 

EVIDENCES OP VARIATIONS ACCOEDING WITH THE VARIA- 
TIONS IN THE COURSE OP THE EARTH's ORBITAIi 
MOTION. 

As regards that annual variation in the ten- 
dency of northward streams towards mid-ocean, and 
of southward streams towards the coasts, which appears 
to indicate the influence of the earth's orbital motion, 
tending to make the northward action of vis-inertise 
more decided in March than in September : it appears 
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to be exemplified by the Arctic stream, which runs 
southwaTfls on the North American coast, thrusting 
the Gulf Stream farther from the coast in March than 
in September. These currents have been more elabo- 
rately investigated than any other great ocean currents, 
and the annual variation here mentioned accords 
with the idea of its being influenced by the earth's 
orbital motion ; but I have not met with any other 
recorded variations of ocean currents that appear suffi- 
ciently definite to be adduced as indicating the action 
of the same cause. 

As regards the diurnal variation which, if the 
line of motion be not coincident with the line of tlie 
poles, must result from the action of vis-inertii« 
being west of north in the night-time and east of 
north in the daytime ; — the phenomena of winds in 
given localities having a diiferent average dh^ction 
in the night-time from the average direction in the 
daytime are in accordance with such a cause ; though 
I know of no recorded phenomena that can be clearly 
traced in its action, as alterations in the relative 
temperature on land and water tend to produce the 
same effect. The Straits of Gibraltar appear well 
adapted for ascertaining the diurnal variation in thn 
orbital force of vis-inertia, as the tendency of its 
action would be to cause a current westwai'ds from 
the Mediterranean in the night-time, and eastwards 
from the Atlantic in the daytime ; and therefore the 
current miiy be expected oftener to take a westward 
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course from the Mediterranean during the night-time 
than during the daytime. On the only occasion on 
which I have passed through those straits, instead of 
the current usually running eastwards, a strong cur- 
rent was running westwards from the Mediterranean, 
and that was during the night-time. 

These remarks on the annual and diurnal varia- 
tions possibly resulting from the action of the orbital 
force would not be ventured on but for the clear 
manner in which the evidences of the action of vis- 
inertisB, resulting from axial rotation and onward 
motion, accord with that indicated by the theoretical 
consideration of their action. 



BOOK VI. 
AN INVESTIGATION OF THE TIDES 

BROWDXQ 

THAT THE TIDAL MOVEMENTS OF THE OCEAN ACCOBD 
WITH THE ACTION OF THE FORCES DESCRIBED IN 
BOOK IV. 
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CHAPTER XIII. 

EVIDENCES OF THE TIDAL ACTION DESCRIBED IN 

CHAPTER X. 



PART I. 

THE MOTION WEST IN THE EQUATORIAL REGIONS AND 
EAST IN THE TEMPERATE ZONES. 

The action of the forces described in Chapter X. as 
tending* to give the tide-waves a motion westwards 
in the equatorial regions and eastwards in the tempe- 
rate zones, is indicated by the following observations, 
in a most useful paper, relating to the subject of the 
tides, by the late Admiral Fitzroy. 

Referring to the times of high water on the days 
of fuU and new moon, and giving aU the tidal hours 
in Greenwich time. Admiral Fitzroy says : ^ It is 
high water at the east side of the Atlantic, from the 
Canary Islands to Scotland, within an hour or two 
of the same time, on the salient points of the coast, 
namely at about 4^.' ^ This clearly accords with the 
eastward course of the tide- wave through the tem- 
perate zone. 

' Tlie Weather Book: a Manned of Practical Meteorology^ 
p. 384. By Rear-Admiral Fitzroy. London, 1863. 
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On the west of the ocean : ' It is high water 
at a])Out 1" from 30° to 40° N.' ^ This accords 
with the tide wliich rolls from the east through 
the equatorial regions. But Admiral Fitzroy goes 
on to say : ' The times increase northwards from 
40° N. to the Bay of Fundy, and also southwards 
from 50° N. to that bay.' ^ The times increasing 
northwards from 40° N. to the Bay of Fundy shows 
the eastward motion of the tide in the temperate 
zone, and the times increasing southwards from 
50" N. appears to accord with the configuration 
of the coast, which causes the portion of the tide 
drawn eastwards from the coasts of Labrador to 
interfere with that drawn eastwards from the coaet 
of the State of New York. 

' It is high water at 6'' on the coast of Brazil, and 
at O"* about Blanco Bay (in 40° S.).'" This shows 
the equatorial tide rolling westwards, and then turned 
southwards by the coast. 

' From 50° S. to near Blanco Bay, in 40° S., the 
tide-wave certainly travels along the coast to the 
north.' * This accords with the tide which rolls east- 
wards through the temperate zone of the southern 
liemisphere, and sets northwards along the coast of 
Patagonia after rounding Cape Horn, but at the same 
time tends to follow its eastward course through the 
temperate zone of the South Atlantic Ocean. 

Admiral Fitzroy speaks of ' the flood-tide moving 



P. 384. 



' p. 3(14. 



' P. 383. 
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towards the west and south along the coast of Brazil, 
from near Pernambuco to the vicinity of the River 
Plate/ and also of ' the almost uniformity of the 
time of high water along that extent of the coast of 
Africa which reaches from near the Cape of Good 
Hope to the neighbourhood of the Congo.' ^ Tlie 
former we have already mentioned, as indicating 
the equatorial tide moving westwards and then turned 
southwards by the coast ; the latter accords with the 
tide rolling eastwards in the temperate zone. 

' Against the supposition that a tide-wave travels 
along the west coast of America, from south to north, 
are the facts — that the flood-tide impinges upon 
Chil6e and the adjacent outer coast, from the south- 
ward of west ; that it is high water at Cape Pillar 
and at Chil6e, including the intermediate coast, 
almost at one time ; that from Valdivia to the Bay 
of Slexilones (difFering 18° in latitude), there is not 
an hour's difference in the time of high water j that 
from Arica to Payta the times vary gradually as the 
coast trends westward ; that from Panama to Cali- 
fornia the times also change gradually as the coast 
trends westward ; and that from 40° to G0° N. high 
water takes place at one time.' ^ These facts accord 
with the tides rolling eastwards through both of the 
temperate zones of the Pacific. 

' In 50° N. it is high water at Vancouver's Island 
at !)'', and at the south extreme of Kamtschatka it 
' P. 371. » P. 371. 
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is said to be high water at about 6*" ; the diflTerence, 
nine or three hours, is anomalous — made so, probably, 
by a derivative tide, or by a mistake.' ^ But the 
tide which reaches Kamtschatka at 6** must, out in 
the ocean, have then advanced considerably farther 
on its eastward course, and therefore the difference of 
3** between Kamtschatka and Vancouver's Island does 
not appear improbable. 

* High water takes place at one time (within an 
hour) all along the east coast of Aifrica ' *^ : — according 
with the tide moving westwards through the equatorial 
regions of the Indian Ocean. 

The paper by Admiral Fitzroy, from which all 
the foregoing facts have been quoted, was written for 
the purpose of showing how incompatible the actual 
movements of the tides are with the theory which 
supposes the tides of the Atlantic Ocean to be caused 
by simply derivative waves branching off from a 
wave rolling through the Great Southern Ocean. 



PART n. 

THE EQUILIBEIUM OP THE TIDES. 

That the tidal undulations — ^rolling westwards in 
the equatorial regions, and eastwards in the temperate 
zones — counterbalance each other, and thus preserve 
the equilibrium of the ocean as a whole, as regards 

1 P. 376. 2 p, 385. 
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the surface of the earth, appears to be indicated in 
the North Atlantic Ocean by the ^eat height of the 
tides in the temperate zones compared with the rise 
id fall in the equatorial regions. For the water 
moved eastwards in the temperate zones is a counter- 
poise to that moved westwards in the equiitorial 
regions by the same tide : and since the space from 
Nova Scotia to France and the British Isles, in which 
the eastward tide moves, is very narrow compared 
to that extending through the equatorial regions from 
the GuLf of Guinea to the Gulf of Mexico — therefore, 
since the tide in the east of the temperate zone must 
counterbalance that in the west of the equatorial 
regions, its rise and fall must be greater in propor- 
tion with the lesser extent of ocean through which it 
moves. So also with the tides in the west of the 
temperate zone, which counterbalance those in the 
east of the equatorial zone ; the rise and fall about 
Nova Scotia is far greater than that in the Gulf of 
Guinea, for the same reason that the rise and fall 
about the British Isles is greater than that about the 
West Indies. This counterbalancing movement of 
the tides is stUl more strikingly indicated by the 
contrast between the rise and fidl in the temperate 
zone of the North Atlantic Ocean, compared with 
that in the temperate zone of the southern hemi- 
sphere. In the latter case the tide, which moves 
eastwards, has a more or less clear sweep from about 
the Falkland Islands and the Kiver Plate to the 
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shores of Chili ; and the rise and fall is less, in 
proportion as the space through which it moves is 
greater than that through which, in the equatorial 
regions, the same tide moves westwards. Thus, in 
the temperate zones of the South Atlantic Ocean (in 
the neighbourhood of the River Plate), the rise and 
fall of the tides is less than in the equatorial regions, 
because the space through which they move is greater 
than that of the equatorial tides which they counter- 
balance. In the South Pacific Ocean the tides, 
which roll eastwards in the temperate zones, have a 
considerable rise and fall against the shores of Pata- 
gonia, in order to counterbalance those which roll 
westwards, through the long extent of the equatorial 
regions, to the East Indies. 

The action of the coast-lines in crowding the tide 
in some parts of the ocean more than in others, is seen 
on a smaller scale wherever parts of a tide are raised 
higher than other parts of the same tide by the crowd- 
ing action of the coast-lines of bays and estuaries. 



PART in. 

OONVEEGENOE TOWARDS THE EQUATOE. 

In an ocean completely enveloping the earth the 
tide would, according to Chapter X., be an hour 
earlier on the average for each fifteen degrees of lati- 
tude as well as for each fifteen degrees of east longi- 
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tude ; for the tide travels down eacli meridian from 
tlie poles to the equator in about six hours. This 
convergence should be most apparent in high latitudes, 
in which the change in velocity of rotation is most 
rapid. And, in fact, it seems to be indicated in the 
North Atlantic by a southward course of the tide to 
the North of Scotland and Labrador, coalescing with 
the eastward course through the temperate zone ; 
and in the South Atlantic by the northward course 
along the coast of Patagonia of the tide which meets 
that coming down the coast of Brazil from the equa- 
torial regions. 

In the eastern part of the Pacific this converging 
action is sufficiently indicated by the extract on page 
153 in which Admiral Fitzroy argues against the 
course of the tide-wave being from south to north ; 
for the preponderance of the eastward action in both 
of the temperate zones seems simply to make the 
convergence of the tides towards the equator more 
rapid than it would otherwise be, due allowance being 
made for the direction of the coast-line. 

Throughout the Great Southern Ocean the motion 
along the meridians towards the equator is clearly 
indicated on Dr. Whewell's chart of co-tidal lines ; 
and though that chart professes to show a westward 
motion in the Great Southern Ocean to be the source 
of the North Atlantic tides, it gives evidence of the 
opposing motions of the tides westwards in the equa- 
torial regions and eastwards in higher latitudes. 
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CHAPTER XIV. 

EVIDENCE OF THE TIDAL ACTION DESCRIBED IN 

CHAPTER IX. 

We have seen, in the preceding chapter, that the 
actual course of the tide-waves, in relation to the 
surface of the earth, accords with the theory which 
gives them a motion westwards in the equatorial 
regions, and eastwards in the temperate zones : that 
the relative rise and fall on different coasts accords 
with the theory which requires that the tide which 
rolls westwards in the equatorial regions must coun- 
terbalance that which rolls eastwards in the tem- 
perate zones, so as to preserve the equilibrium of the 
ocean as a whole ; and that the advanced position 
of the tide in high latitudes is indicated by a con- 
vergence from those latitudes towards the equator. 

As regards the hours of the spring- tides raised by 
the sun and moon in the positions given in Fig. 4, 
Plate XIII., we cannot, in consequence of the contor- 
tions of coast-lines, expect, without a very elaborate 
analysis of the subject, to arrive at more than rough 
approximation to the theory sketched in Chapter X. 

Let us suppose that when the central part of the 
.Atlantic, midway between the coast of America on 
the west, and that of Africa and Europe on the east, 
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is at the hour of 9 a.m,, the tidal action of the luni- 
solar force ia at its greatest point on the Atlantic, eo 
as to make the undulation or vibration then formed 
the principal source of the tidal undulations vibrating 
through the Atlantic until the next action of a tide- 
raising force. 

Now, when it ia 9 a.m. in the central parts of the 
ocean, it is about 12 (noon) about the western shores 
of Europe. And as on the days of full and new 
moon, the high tides reach those shores at about 
4 p.M and 4 a.m.,' the high tides two days after 
(when the solar and lunar tides are in conjunction) 
occur at almut 6 a.m. and 6 p.m., low water occuiTing 
at the intermedinte hours, which are those of noon 
and. midnight : but when it is noon on the western 
shores of Europe, it is 9 a.m. about the central parts 
of the ocean. Thus the time of low water occurs at 
noon on the shores of Europe, because it is then 
9 A.M. in the central part of the Atlantic, and the 
meridian of 9 a.m. and 9 p.m. is, approximately, that 
on which the combined action of the sun and moon 
tends to raise the high spring-tides about two days 
after full and new moon. When the lunar and solar 
forces which raised the tide in the centre of the 
ocean are withdrawn, it falls in the centre of the 
ocean, and rises on the shores. And since the hours 
of 9 A.M. and 9 p.m. are the times of high water in 
the centre of the ocean, the intermediate hours 
(which are those of 3 p.m. and 3 a.m.) are the hours 
' P. 151, 
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of low water in the central parts of the ocean. But 
when it is 3 a.m. in the central parts of the Atlantic 
it is 6 A.M. on the western shores of Europe, which 
is, approximately, the actual time of high water on 
those shores two days after fiill and new moon. 

We have also shown that when the action of the 
sun and moon passes west of the position in which it 
has raised a tide, it ceases to be a disturbing influence ; 
but the water, being placed in that part of the ocean 
by those or any other forces, is at once carried along 
with the course of the oceanic circulation caused by 
the action of vis-inertiae. And by this action the tide 
is consequently carried from the central parts of the 
ocean eastwards in the temperate iones, and west- 
wards in the equatorial regions, by the axial rotation 
of the earth ; and by the same action, in consequence 
of the onward motion of the earth southwards through 
space, the tide is carried northwards through the 
deep and central parts of the ocean, with a corre- 
sponding tendency southwards along the shores. 

That the course of the tides thus indicated by 
theory is that which they actually follow, appears to 
be shown by the fact of high water occurring at almost 
the same time on the western shores of Europe and 
on those of Africa south of the equator ; and also by 
their having such a general tendency northwards, as 
well as to synchronise on opposite sides of the ocean, 
as to have led to the general acceptance of the theory 
which supposes a great tide-wave to follow the course 
of the sun and moon westwards through the Great 
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Sonthern Ocean, and to send off a branch northwards 
through the Atlantic, raaking the tides of the North 
Atlantic Ocean simply the eflfect of undulations caused 
three tides earlier in the Great Southern Ocean — 
the direct action of the sun or moon on the North 
Atlantic Ocean, in their intervening passages of the 
meridian, not being supposed to interfere with the 
progress of the tide-wave previously raised in the 
Great Southern Ocean. We need not here argue 
.against this theory, for its non- accordance with actual 
facts has been sufficiently pointed out by Admiral 
Fitzroy, even supposing the course of the tide- waves 
through the great Southern Ocean to be westwards. 
Admiral Fitzroy, though objecting to the idea of the 
tides of the North Atlantic Ocean being simply deri- 
vative from the Great Southern Ocean, does not 
appear to have thought of the tide through the long- 
est expanse of water on the globe running eastwards 
against the course of the sun and moon ; but he so far 
accepted the prevailing theory as to suppose the tide- 
waves to follow the course of the sun and moon west- 
wards through that ocean ; whereas, according to the 
theory suggested in this volume, though the pivot 
of the tide maintains its position in relation to the 
force which raises it (or, rather, would maintain that 
position if the ocean surrounded the globe com- 
pletely), the tide has, in relation to the surface of the 
earth, a motion eastwards in the temperate zones, and 
westwards in the equatorial regions. 

M 
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Besides the foregoing, the theory in Chapter X. 
accords with and explains the fact of the spring-tides 
occurring a day or two after new and fiill moon, and 
the neap-tides a day or two after the moon's quarters. 
For it is only some time (approximately stated as 
two days) after the moon has been in conjunction or 
opposition that the lunar and solar tides are in con- 
junction ; and the same time after being in quadra- 
ture, the lunar and solar tides are in complete oppo- 
sition. It is because the apparent course of the 
earth round the moon is in the opposite direction to 
that of its course round the sun (the real course of 
the moon round the earth being in the same direction 
as that of the earth round the sun), that the conjunc- 
tion of the tide raised by lunar gravitation with that 
raised by solar gravitation occurs about the time 
when those bodies are in opposition, and not when 
those bodies are in conjunction. And it is because 
the orbit described by the earth in its course round 
the moon is smaller than that which it describes in its 
orbit round the sun that the time at which the tides 
are in conjunction does not coincide exactly with the 
time at which the sun and moon are in opposition. 

Note. — Independently of the configuration of the 
oceans, the meeting of the equatorial tide with those 
converging towards it from the polar regions, together 
with the convergence of the meridians, may give the 
tides a general tendency to a greater rise and fall in 
the temperate zones than elsewhere. 
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CHAPTER XV. 

REFUTATION OF OBJECTIONS, ON A PRIORI GROUNDS, 
AGAINST THE POSSIBILITY OF THE EXISTENCE OF 
THE ACTION OF VIS-INERTIA. IN THE OCEAN OR 
ATMOSPHERE. 

Dr. Charles Hutton appears to have been among 
those who rejected the idea of the winds being an 
adequate cause to account for the currents known to 
exist in the ocean ; for he speaks of the ^ natural 
and general currents of the sea ' as ^ arising from the 
diurnal rotation of the earth on its axis, or the 
tides,' &c, ^ 

But, though appearing to regard the axial rota- 
tion of the earth as the cause of oceanic currents. Dr. 
Hutton discards its action in the atmosphere ; though 
he gives no reason to show why, if the arguments 
used to disprove the existence of the action of vis- 
inertiaB in the atmosphere be valid, they are not to 
be regarded as equally valid if applied to the ocean. 

In speaking of the winds. Dr. Hutton mentions 
that Descartes, Rohault, and others, considered the 
diurnal rotation of the earth to be the cause of these- 

* A Philosophical and Mathematical Dictionary, By Charles 
Hutton, LLD. London, 1815. Article, Current. 
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atrial currents ; and says that against thia hypo- 
tteais it is urged that — 'the air being kept close 
to the earth by the principle of gravity, would in 
time acquire the same degree of velocity that the 
earth's surface moves with, as well in respect of the 
diurnal rotation as of the annual revolution about 
tlie sun, which is about 60 times swifter,' ^ 

Now, in the first place, hypothetically, let every 
word of this be unreservedly admitted, — and even 
more — let it not only be said that the air would in 
time acquire the same degree of velocity that the 
earth's surface moves with, because it might then be 
argued tbat the air has not yet had suffi.cient time to 
acquire that degree of velocity, and that therefore 
via inertias, not being yet overcome by gravitation, 
still causes movements of the air and water — there- 
fore let it, I say, in the first place be asserted and 
admitted that the air and water have, and must 
have, the same degree of velocity that the earth's 
surface moves with, both in respect to the diurnal 
rotation and orbital motion, and that the laws of 
gravitation will not admit of its being otherwise. 

If taken literally, even admitted in this more ab- 
solute manner, that which is offered as an objection 
to the possibility of currents being caused by the 
motion of the earth, instead of being a real objecrion, 
would, as far as the axial rotation of the earth is 

' A PhUosophicat atid Mathematical Dictionary. By Clmilfs 
Hutton, LL.D. I^ndou, 1815. Article, Wihd. 
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c ODcerned, absolutely necessitate the formation of 
currents westwards, both in the ocean and the at- 
mosphere — those of the atmosphere having the greater 
velocity ; because, since the circles of rotation in tbe 
ocean, and still more in the atmosphere, are greater 
than those of the surface on which they rest, there- 
fore, unless the velocity of the motion of the ocean 
and the air be greater than that of the surfitce on 
which they rest, they must lag behind, forming cur- 
rents westwards ; therefore, if in the motion of axial 
rotation the air has the same velocity that the earth's 
siuface moves with, it must then have a relative 
motion westwards over the surface of the earth. 

And, as far as the orbital motion of the earth is 
concerned, that which is offered as an objection is not 
logically an objection at all ; because, since in the 
orbital motion of the earth all particles of the solid 
surface of the earth move in equal ellipses with equal 
velocities, therefore, the atmosphere, without chang- 
ing the relative positions of its particles as regards 
each other, might, by its particles moving in concen- 
tric ellipses, keep pace with the earth, and at the same 
time have a relative motion over the surface of the 
earth in lines parallel with the plane of the ecliptic ; 
and at a velocity amountiug in the plane of tbe 

ptic to more than sixty miles a day. 

It thus appears that, if taken literally, that which 
has been offered as an objection to tbe possibUity of 
any current-creating action resulting from the motions 
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of the earth— does, in feet, necessitate a corrent- 
creating action in the plane of the equator as &r as 
the axial rotation of the earth is concerned : and that 
it admits of a current-creating action in the plane of 
the ecliptic, as far as the orbital motion of the earth 
is concerned, at a velocity of more than sixty miles a 
day. 

I do not, however, by any means suppose that I 
have replied completely to the sense in which the 
objection is intended to be understood. The objection 
appears to be twofold. 

One of the objections intended appears to be, that 
since the velocity of the earth's orbital motion is 
more than sixty times greater than that of its axial 
rotation, therefore, if the atmospheric currents said 
to be caused by axial rotation really were so, there 
ought then to be far more manifest eflfects resulting 
from orbital motion. But in reply to this I have 
shown, in Chapter III., that the current-creating 
action of vis-inertia? depends on the differences in 
the force of its action in different parts of the ocean 
(or atmosphere), and that, in consequence of this, the 
current-creating action of axial rotation is far greater 
than that of orbital motion. 

And if, instead of the literal sense of the objections 
above refuted, it be asserted that the ocean and 
atmosphere are held in their positions, in relation to 
that part of the surface of the earth on which they rest^ 
by gravitation, and that no action of vis-inertiae can 
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even in the least degree modify or affect those posi- 
tions, — let this, then, also be admitted : and even then, 
supposing all the particles of wliich either the ocean 
or the atmosphere is composed to be of the same 
specific gravity, it is then clearly of no importance, as 
far as the laws of gravitation are concerned, how those 
particles arrange themselves in relation to each other 
within the bounds in which gravitation tends to hold 
them. The particles may indeed, as far as gravita- 
tion is concerned, arrange themselves in any con- 
ceivable manner : and if any causes whatever tend to 
set the particles in motion, all that the laws of gravi- 
tation can require is, that as particles vacate any 
position they must immediately be replaced by other 
particles. It is ofno importance, as far as gravitation 
is concerned, what the forces may be which cause the 
particles to exchange positions. If anything cause 
a difference in the relative specific gravity of the 
particles, then gravitation will itself cause them to 
exchange positions. Or, if any force whatever be 
brought into play, acting with greater force in one 
direction, or in one place, than in another, among 
particles of equal specific gravity, then, since, as far 
as gravitation is concerned, the particles may ex- 
change positions ui any conceivable manner, and 
since a cause exists to move some of the particles, a 
motion must be effected. M'^hen force, unopposed by 
etinal force, urges particles from any position, they 
leiive it, and, simultaneously with their motion from 
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the given position, gravitation draws other particles 
into the position vacated. 

According to the foregoing considerations — ^first, 
as regards the orbital motion of the earth, or any 
onward motion of the earth : — as the earth moves in 
any given direction, then, wherever least obstruc- 
tion exists to prevent the progress of the water in 
the opposite direction, there vis-inertiae acts more 
freely than elsewhere : its existence as a cause neces- 
sitates an effect, and, as any particles are set in 
motion by vis-inertiae, gravitation draws other par- 
ticles into the positions vacated, to be in their turn 
expelled and replaced — and so on, as long as the 
motion which causes the preponderating action of vis- 
inertiae to occupy any given position lasts. And thus 
a circulation of the ocean is effected by a current run- 
ning through the deep and central parts of the ocean 
in the opposite direction to that of the earth's onward 
motion, and returning to the source of action by 
counter-currents along the shores ; and this without 
the position of the ocean, as a whole, being in any 
way affected, as it is carried along with the motion of 
the earth, firmly held to the earth's surface by the laws 
of gravitation. 

Then also, as regards the axial rotation of the earth 
eastwards — ^in which, as already explained, there is not 
only the current-creating action westwards through 
the deep and central parts of the ocean, but also that 
great inequality in the velocity of the motion in polar 
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and equatorial regions, in consequence of whicli the 
current-creating action resiilting from axial rotation 
preponderates over that resulting from any motion bj 
which all parts of the earth's surface are moved with 
the same velocity : — in this, as in the preceding case, 
a circulation is effected by currents running with the 
action of vie-inertiifi in the regions of greatest force, 
and counter-currenta returning to the source of action 
througli the regions of lesser force : and this without 
the position of the ocean, as a whole, being in any 
manner affected, as it is carried along with the motion 
of the earth, firmly held to the earth's surface by the 
laws of gravitation, which, as we have seen, simply 
grasp the ocean as a whole, and do not tend to ob- 
struct the action of any forces, of whatsoever nature 
they may be, which may tend to cause a change in 
the relative positions of particles of the same specific 
gravity. 

It has also been objected against the action of 
vis-inertise that it must tend to retard, and therefore 
in the course of time to annihilate, the motion of the 
earth. 

But, in the first place, without a knowledge of the 
nature or mode of action of tlie forces which cause the 
various movements of the earth, it is not possible fur 
us to know whether the action of vis-inertiaj would or 
would not retard those motions. A cannon-ball is 
retarded in its course because the retarding action of 
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the atmosphere is continuous, whereas the propelling 
force is not : but a rocket is not retarded in its course 
(as long as it lasts) because the propelling force, as 
well as the retarding action, is continuous ; and the 
velocity throughout is therefore proportioned to 
the amount by which the propelling force exceeds 
the retarding action. If the motion of the earth be 
of the latter nature, then, even admitting the retard- 
ing action of vis-inertiae, the velocity of the motion, 
being evenly proportioned to the resistance, would 
be as lasting as the propelling force, the endurance 
of which need not necessarily be considered to be 
limited, as in the case of the rocket And even if 
the nature of the forces which move the earth be 
shown to be such that the action of vis-inertiae in the 
ocean and atmosphere must necessarily retard and 
gradually annihilate the earth's motions : this would 
not disprove the existence of the action of vis-inertiae, 
unless it be also shown that the motion of the earth 
will never be retarded.^ The existence or non-exist- 
ence of the action of vis-inertiae in the ocean is a 
question to be decided by practical investigation, and 
not by theoretical opinion concerning its reaction on 
the motions which produce it. 

The question as to whether the action of vis- 

* A Paper on the Retardation of the Earth's Rotation, read 
before the Royal Astronomical Society by the late Professor 
Adams, since the first publication of the above, has practically 
annulled the objection. 
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inertiaB does or does not exist in the ocean is, there- 
fore, not aflfected at all by such considerations as 
those which have been urged against it. The real 
questions at issue are : what is the nature of the 
forces which move the earth, and what the manner 
in which they act ? And, therefore, in the absence 
of definite knowledge on these points, the question as 
to whether vis-inertiae acts on the ocean and atmo- 
sphere or not must be decided by observing what the 
actual movements of those fluids are, and whether 

9 

movements in accordance with what may be shown to 
be the natural action of vis-inertiae, and which cannot 
be regarded as eflfects of any other reasonable cause, 
do or do not exist in those fluids. 

The displacement of the ocean from the poles 
towards the equator, alluded to in the first book, suf- 
ficiently indicates that vis-inertiae does act on the 
ocean ; and the arguments contained in the five sub- 
sequent books show that it tends to cause a system of 
circulation closely according with the most marked 
and constant features of that which actually exists in 
the ocean. ^ 

* Throughout Tfie New Principles of Natural Philosophy 
further refutations of objections are given on points not discussed 
in this volume. 
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CHAPTER XVI. 

REFUTATION OF AN ARGUMENT SUGGESTING A SUS- 
PENSION OF THE ACTION OF GRAVITATION. 

I HAVE heard it asserted that the spinning of a top 
shows that its motion causes the action of gravitation 
on it to be suspended whilst that motion lasts. But 
this is an unnecessary assumption. I say that the 
direct action of gravitation tending to make it fall 
is exactly the same as if it were at rest, and that 
astral gravitation is the force which keeps the top 
from falling. For as the relative number of the 
orbital revolutions of the planets in a given time 
increases as the square root of the sun's revolving 
force, it may, I think, be admitted that the resist- 
ance of astral gravitation increases as the square of 
the velocity of the motion which it resists. As far 
as the present argument is concerned, it is, however, 
immaterial whether the force of astral gravitation 
increases as the square or as the cube of the velocity 
or in any other ratio. Let us suppose it to increase 
as the square. 

Then let the falling motion be any amount, say 
4 ; and the mean rotating motion of one half of the 
top in any direction 8. 
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Then the actual motion of one half is 10, and 
that of the other half 6 in the opposite direction. 

Therefore, when not rotating, the force with 
which the top resists the earth's gravitation is 4 
squared, and with the above motion of rotation it 
becomes 10 squared less 6 squared ; so that that 
rotation increases its resistance four times, and a 
faster rotation would increase it still further.^ 

^ The above subject is further explained in Chapter YIII. 
of The New Principles of Natural Philoaophy, A complete 
demonstration is also given in Chap. XXI., Proposition XXVI., 
which has been added to the present edition of this work for the 
purpose. 



BOOK VIII. 

REFUTATION OF. ACCEPTED THEORIES BY WHICH 
EXPLANATIONS OF THE MOVEMENTS OF THE OCEAN 
AND ATMOSPHERE HAVE BEEN ATTEMPTED. 
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CHAPTER XVII. 

ON THE RELATIVE ACTION OF THE TIDES, THE WINDS, 
SPECIFIC GRAVITY, AND VIS-INERTL^. 

Book II. demonstrates theoretically the action of 
vis-inertiaB in the ocean, and Book V. shows that 
movements according with those theoretical deduc- 
tions are apparent. We will now proceed to consider 
whether the currents which exist in the ocean may 
not more naturally be ascribed to the action of vis- 
inertiaB than to that of the winds, evaporation, or any 
other current-creating forces. 

The action of the winds in causing currents, by 
driving the surface-water before them, has been de- 
scribed by Major Rennell ; and that of evaporation, 
which, by causing diflFerences of specific gravity, 
tends to create currents to restore the equilibrium of 
the ocean, has been advocated by Captain Maury. 

Major Rennell, in his work on the Currents of 
the Atlantic, says : — * The tides do not occasion an 
absolute removal of water from one place to another, 
except very near the coasts ; and even that motion is 
very circumscribed. * The winds (with very few ex- 
ceptions) are to be regarded as the prime movers of 
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the currents of the ocean. . . . Operating incessantly 
on the surface of the ocean,' the wind * causes, in the 
first instance, a gentle, but general, motion of the 
fluid to leeward (as is proved by ships being always 
found to leeward of their reckonings in the Trade 
Winds) ; and the water so put in motion forms, by 
accumulation, streams of current.' ^ 

Here, without argument, the author quoted 
assumes the very basis of the question at issue to 
be proved. For, though the motion of the ships to 
leeward when sailing in the Trade Winds be accepted 
as a proof that the water in which they sail moves to 
leeward, it is clearly no proof that the motion of the 
water is caused by the winds : but as far as this 
motion to leeward is concerned, the atmospheric and 
the oceanic currents may both be eflFects resulting 
from the action of the same cause, vis-inertice ; the 
pressure of the superincumbent atmosphere, in more 
rapid motion than the water, tending only, to some 
extent, to increase the natural motion of the latter 
in those localities where, as is generally the case in 
the region of the Trade Winds, the action of vis- 
inertiae is westwards in both fluids. If all the 
oceanic motion westwards under the Trade Winds 
be proved to be caused by those winds, as Major 
Rennell assumes it to be, we then certainly have 
force sufficient to account for the ocean currents 
which exist, without seeking for other causes ; but 

^ In the work mentioned on p. 129. 
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tliis, as I have above stated, is the very point at 
issue. 

Captairi Maury, whose experience in this matter, 
both practical and theoretical, is unrivalled, clearly 
recognises that the winds indisputably do tend to 
cause currents ; but considers that, in respect to 
other current- creating forces, their action is com- 
paratively trivial, and altogether insufficient to 
account for the currents which actually exist in the 
ocean. 

Sir John Herschel is surprised that Captain 
Maury can see 'any possible ground for doubting 
that the Gulf Stream owes its origin entirely to the 
Trade Winds ' : and considers that ' if there were no 
atmosphere there would be no Gulf Stream, or any 
other considerable oceanic current (as distinguished 
from a mere surface drift) whatever/ ^ In reply to 
this aUeged supremacy of the winds among current- 
creating forces, Captairi Maury says : — ' We know of 
instances in which waters have been accumulated on 
one side of a lake, or in one end of a canal, at the 
expense of the other. The pressure of the Trade 
Winds may assist to give the Gulf Stream its initial 
velocity, but are they themselves adequate to such 
an eflFect ? Examination shows that they are not. 
With the view of ascertaining the average number 
of days during the year that the NE. Trade Winds 

^ Encydopcedia Britannica: Article, Physical Geography, 

S6C* / ■ 
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of the Atlantic operate upon the currents between 
25° N. and the equator, log-books containmg no less 
than 380,284 observations on the force and direction 
of the wind in that ocean were examined. The data 
thus afforded were carefully compared and discussed. 
The results show that within those latitudes, and on 
the average, the wind from the NE. quadrant is in 
excess of the winds from the SW. only 111 days 
out of the 3f55. During the rest of the year the SW. 
counteract the effect of the NE. winds upon the 
currents. Now can the NE. trades, by blowing for 
less than one-third of the time, cause the Gulf 
Stream to run all the time, and without varying its 
velocity, either to their force or their prevalence ? ' ^ 

For these and many other reasons of the same 
nature, given at length iu his work on the Physical 
Geography of the Sea, Captain Maury rejects the 
theory which makes the wind the prime mover of the 
oceanic currents, and considers that — ' If we except 
the tides, and the partial currents of the sea, such as 
those that may be created by the wind, we may lay 
it down as a rule that all the currents of the ocean 
owe their origin to difference of specific gravity 
between sea- water at one place and sea- water at 
another ; for wherever there is such a difference, 

^ Physical Geography of the Sea, by M. F. Maury, LL.D. 
U.S.N. (New York, 1861), sec. 78. See also the extract fix>m 
Rennell given on page 129 of this volume, regarding the current 
alluded to as assisting vessels in their progress northwards against 
the Noi-th-East Trade V^ind. 



CaiP. XVn.] THE WINDS AND EVAPORATION. 193 

whether it be owing to difference of temperature or 
to difference of saltness, &c., it is a difference tJiat 
disturbs equilibrium, and currents are the conse- 
quence.' ^ 

Though Sir John Herachel argues that the Gulf 
Stream is caused by the combined action of the NE. 
and the SE. Trade Winds, and in the extract on the 
opposite page Captain Maury argues that it is not 
caused by the NE. Trade Wind, the latter argument 
is, nevertheless, applicable against the theory which 
makes (as Sir John Herschel does) the winds in 
general tlie principal cause of ocean currents. A 
general accordance of the movements of the atmo- 
sphere and ocean — such as an average motion west- 
wards in the equatorial regions and eastwards in the 
temperate zones — would naturally result from their 
bemg effects of the same cause, and must not be 
regarded as a proof that they are related as cause 
and effect. I cannot pretend to do justice to the 
manner in which the theories of the winds and 
specific gravity are enforced in the interesting works 
in which they are respectively maintained. I quote, 
however, once more from the same article by Sir 
John Herschel, to show the nature of his objections 
to the theory which makes differences of specific 
gravity the principal cause of the currents which 
exist in the ocean. Allowing that ' Sea-water, by 
evaporation, acquires additional saltness and density, 
' Boa. 406 of the work just quoted. 
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and by dilution with rain, the reverse qualities/ 
he admits that ' in this fact we have a vera causa, 
though a very feeble one, for the production of 
an indraught on both sides towards the lines of 
mcLximum evaporation and minimum precipitation : ' ^ 
but argues that its action is insufficient to cause the 
currents which exist, and, that it would not tend to 
give them the direction which they actually have. 
And, as regards the direct action of the sun's rays, 
Su' John Herschel says : ' The surface of the ocean 
becomes most heated, and the heated water will, 
therefore, neither directly tend to ascend (which it 
could not do without leaving the sea) nor to descend, 
which it cannot do, being rendered buoyant, nor to 
move laterally, no lateral impulse being given, and 
which it could only do by reason of a general declivity 
of surface — ^the diluted portion occupying a higher 
level : ' and argues to show that this may be dismissed 
* as a cause capable of creating only a very trifling 
surface drift, and not worth considering, even were 
it in the proper direction to form, by concentration, a 
current from east to west ; which it would not be, but 
the very reverse.^ ^ 

* Sec. 59. 

^ Sec. 57. I do not profess to endorse all the details of 
Herschers argument in the above quotations, but only the cor- 
rectness of the opinion based upon them, which, since the text 
above was published in 1868, has been corroborated in a very 
decided manner by the exti-act from Sir Wyville Thompson given 
on page 5 of this volume. 
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This last remark refers to the fact of the water 
in the west of the equatorial regions, in each ocean, 
being warmer than in the east ; so that, if the expan- 
sion of the water by heat caused an overflow, the 
stream caused by that overflow would run from west 
to east ; whereas the general course of the water in 
the equatorial regions is from east to west. It may 
here also be remarked, in connection with one of the 
quotations above, that, the heating action of the 
sun's rays is, by Sir John Herschel himself, admitted 
to tend to cause the surface-water of the ocean to 
ascend (causing it to leave the sea in the form of 
vapour) ; and, thus, to tend to cause an indraught 
towards the places of maximum evaporation.^ The 
effects resulting from this action are, in fact, discussed 
in the preceding quotation made from Sir John 
Herschel.^ 



^ The places of maximum evaporation being the equatorial 
regions, the surface indraught would be to those regions ; and the 
' additional density acquired by evaporation/ as stated in the first 
of the above extracts from Herschel, would obviously, as indicated 
in the text above, have a tendency to neutralise the buoyancy 
suggested in the second extract, and therefore to cause the water 
to sink in those r^ons. This action has been elaborately dis- 
cussed by Mr. Croll. Climate and Time : by James Croll, London, 
1875. 

2 The conflicting action of the * additional density acquired by 
evaporation ' and the * buoyancy acquired by being heated ' are 
indicated in the text above, which stands as first published in 
Chapter IV. of the Treatise on Via-InerticB, and makes it evident 
that I did not desire to endorse the details of the arguments used 
by Sir John Herschel 
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Besides the objections urged by Sir John Herschel 
against the theory which makes differences in specific 
gravity the prime cause of the currents of the ocean, 
it must be observed that, if differences in specific 
gravity, resulting fi'om the difference of temperature 
and other conditions in polar and equatorial regions, 
were the principal cause of ocean currents — in conse- 
quence of the tendency of the heated and cold water 
to exchange positions in order to re-establish their 
equilibrium in specific gravity — ^then, the heated 
water flowing fi'om the equator would be under that 
influence of change of latitude which tends to carry 
it eastwards, and the cold water from the polar regions 
would be under that influence of change of latitude 
which tends to carry it westwards ; so that, therefore, 
the warm water would naturally flow fi'om the 
equator on the east side of the ocean, and the cold 
water as naturally flow to the equator on the west 
side of the ocean ; whereas in fact, with the existing 
currents of the ocean, the very reverse is the case ; 
the cold water is brought to the equator partly by 
currents running towards the equator on the eastern 
side of each ocean, and partly by under-currents 
rising to the surface chiefly in the eastern parts of 
the ocean ; then, it flows westwards through the equa- 
torial regions, and flows fi-om the equator on the west 
of the ocean, as warm currents ; having been heated 
during its course through the equatorial regions. 
This actual course of the currents is in accordance 
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with the natural action of vis-inertias as described in 
Book IL, according to which the water flows west in 
the equatorial regions ; because, the westward pressure 
in those regions is the greatest of all current-creating 
forces : also, the water carried west in the zone of 
greatest force must return east through the zones 
of lesser force in higher latitudes ; and, therefore, 
flows from the equator on the west side of each 
ocean, and returns to the equator on the east : and, 
the under-currents which convey cold water to 
the equator, tend to the eastern side of the ocean ; 
because, their natural tendency westwards must yield 
to the greater force of the westward tendency of the 
upper strata wherever the latter can draw no supply 
directly from the east. The current which flows 
west in the equatorial regions draws its supply from 
higher latitudes, because in those latitudes the force . 
of westward pressure is less ; and it draws this 
supply chiefly through under-currents, because the 
westward pressure at the bottom of the ocean is less 
than at the surface. 

Doubtless, if no more powerful agencies were in 
play, then, the disturbed equilibrium resulting from 
dififerences of temperature and other conditions in 
polar and equatorial regions, would cause an inter- 
mixing of the waters of the ocean, by means of a 
system of currents causing a constant interchange of 
equatorial and polar waters. But, we have to con- 
sider how the system of oceanic circulation which 
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actually exists is caused, rather than how a system of 
circulation might be caused in the absence of any 
more powerful cause. And, if the actual system of 
oceanic circulation be in accordance with the theo- 
retical action of vis-inertiae, it must then be admitted 
that this force is the great prime cause of the ocean 
currents by which a constant interchange of equa- 
torial and polar waters is effected ; so that, by its 
action, all portions of the waters of the ocean are in 
their turn alternately exposed to the heat of equa- 
torial and the cold of polar regions without the 
action of the agencies so interestingly described 
by Captain Maury, tending to cause differences of 
specific gravity, being brought into play. Regarding 
the action of these agencies and that of the winds as 
comparatively trivial forces, the theoretical action of 
vis-inertise described in Book II. serves to discover 
and to explain the actual course of the currents by 
which the circulation of the ocean is effected. 

Sir John Herschel is surprised how Captain 
Maury can doubt that the winds are the great prime 
cause of ocean currents ; and, indeed, theoretically 
considered, it appears plausible enough to assume 
that the winds must tend, to some extent, to cause 
a system of currents, by driving the surface-water 
before them ; which, wherever it accumulates against 
obstructions, must tend to run off in streams. But, 
practically considered — that is to say, considering 
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what are the actual winds which blow, and what 
the actual currents of the ocean — it appears to me 
incomprehensible how anyone who studies these 
systems of aerial and oceanic circulation can reconcile 
them as cause and eflFect. It appears to me surpris- 
ing, how, considering the enormous volume and 
weight of water borne along in the oceanic currents, 
anyone can help doubting the power of the com- 
paratively light atmosphere to keep such a mass in 
motion, even if it were shown that the course of the 
oceanic currents corresponded with that which would 
naturally result from the action of the winds which 
exist. But, when it is found that the winds tend to 
a great extent to neutralise each other, and that, 
even in the region of the Trade Winds, where the 
power of the winds is greatest, ocean- currents, even 
on the surface of the ocean, run across and against 
those winds, whilst in the lower strata immense 
under-currents run their course regardless of the 
winds which blow above ; it then seems surprising 
how anyone can consider that the position and 
direction of the ocean currents which exist are in 
accordance with the current-creating action of the 
winds, even if it be assumed that the latter are suflBi- 
ciently powerful to control the vast volume of water 
which is carried along in those currents. 

Major Rennell himself appears to have had less 
confidence in the power of the winds to cause the 
existing circulation of the ocean than some who 
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advocate Lis theory at present. And many other 
eminent authorities, besides Captain Maury, have 
doubted the sufficiency of the winds as a cause for 
the existing oceanic circulation. Mr. Findlay says : 
' It will be seen that throughout the breadth of this 
ocean the set of the stream is not to SW. or NW., as 
might be expected from the direction of the Trade 
Winds, which may be taken as the prime mover 
of these mighty drifts, but westward : ' and then 
adds : ' This fact would seem to indicate that the 
rotation of the earth on its axis has more to do with 
its motion than has usually been attributed to it.' ^ 
From this view, which has suggested itself to many 
others practically acquainted with the actual move- 
ments of the ocean and atmosphere. Sir Charles 
Lyell diflFers ; and says, after mentioning ^ the wind, 
the tides, evaporation, the influx of rivers, and the 
expansion and contraction of water by heat and cold,' 
as causes of currents — ' But there is another cause, 
the rotation of the earth on its axis, which can only 
come into play when the waters have already been 
set in motion by some one or all of the forces above 
enumerated, and when the direction of the current so 
raised happens to be from south to north, or jfrom 
north to south.' ^ Sir Charles Lyell does not say 
why the action of the axial rotation of the earth can 

* P. 299 of the work mentioned on p. 129. 
2 Principles of Geology^ by Sir Charles Lyell, Bart., M. A., F.R.S. 
(London, 1867), p. 500. 
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only come into play when the waters have already 
been set in motion by other causes ; ^ and, indeed, 
though the influence of the axial rotation of the 
earth here referred to accelerates the motion of cur- 
rents caitsed by other forces, and determines their 
direction, or controls them in their course, it is not 
itself, strictly speaking, a caitse of ocean currents at 
all. Apart, however, from the question as to whether 
the term caitse has been correctly applied in this 
instance, it is surprising how anyone admittmg the 
action of this influence of the axial rotation of the 
earth— which, indeed, cannot reasonably be denied,— 
can, nevertheless, at the same time, continue to en- 
force Major Rennell's theories regarding the causes of 
ocean currents. Major Rennell had no idea of the 
existence in the ocean of this influence of the earth's 
axial rotation which Sir Charles Lyell admits. It has 
only recently been pointed out by Captain Maury, 
and is, in fact, incompatible with Major Rennell's 
theories ; for we have seen, a few pages back, that, 
if the waters of the ocean were set in motion from 
the equator to the poles and from the poles to the 
equator otherwise than by the action of vis-inertiae, 
then, that influence of the axial rotation of the earth 
which Sir Charles Lyell admits would, as it tends 
eastwards from the equator and westwards to the 

^ The reason for Sir Charles Lyell's opinion is, however, that 
which I have explained in Chapter I. of this volume, it being, of 
course, a consequence of his acceptance of the ' Laws of Motion/ 
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equator, carry the warm water firom the equator on 
the east side of each ocean, and the cold water to the 
equator on the west side of each ocean, and conse- 
quently eastwards through the equatorial regions ; 
all three of which conditions are exactly the reverse 
of what is known to be the actual circulation of the 
ocean. The idea of the Trade Winds being consi- 
dered a suflSicient cause to account for this complete 
reversal of the course which the currents would natu- 
rally take under that influence of the axial rotation 
of the earth which Sir Charles Lyell admits is one 
which I do not suppose anyone will seriously main- 
tain : and, indeed, I do not see how it can be ac- 
counted for otherwise than by admitting the action 
of vis-inertia3 ; in which case, change of latitude 
being an attribute of the westward pressure which 
results from axial rotation, and, that influence of 
axial rotation admitted by Sir Charles Lyell being 
an attribute of change of latitude, — then, the action 
of the latter cannot annihilate that of the force of 
which it is an attribute ; but, a sufficiency of force 
must be created by the direct action of westward 
pressure, setting the water in motion westwards in 
the regions of greatest force, to keep the currents in 
motion in whatever course the attributes of westward 
pressure may subsequently tend to give them. 

Major Rennell, as quoted on page 179, says that — 
' The tides do not occasion an absolute removal of 
water from one place to another, except very near 
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the coasts ; ' but I think that the arguments in Book 
IV. show that, though in an ocean completely cover- 
ing the globe the tides would not cause any current, 
nevertheless the breaking-up of them by the coast- 
lines may necessitate the formation of currents follow- 
ing the general course of the tide- waves, and, therefore, 
revolving in each ocean, westwards in the equatorial 
regions and eastwards in each of the temperate zones. 
But the question whether the breaking-up of the 
tides by the coast-lines does or does not lead to the 
formation of currents through the central parts of the 
ocean may perhaps be more easily determined by a 
practical investigation, for the purpose of ascertaining 
whether or not they are alternately accelerated and 
retarded at intervals corresponding with the succes- 
sive passages of the moon across any meridian, than 
by theoretical disquisitions on the subject. A cur- 
rent-creating action of the tides in the manner here 
indicated may, it seems to me, be much more effective 
than that of the winds, whose action, to some extent, 
is certain, whereas that resulting from .differences of 
specific gravity need not necessarily be brought into 
play at all where more powerful and rapidly acting 
forces cause a circulation. 



BOOK IX. 

THE MOVEMENTS AND CONFIGURATION OF THE 
SURFACE OF THE EARTH. 
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CHAPTER XVIIL 

PRELIMINARY. 

In examining the outer crust of the earth, endeavour- 
ing to discover signs of movement, and the nature 
and causes of the movements which take place, 
suppose that, after traversing the mountains and 
plains of Europe, you at length set off to look at the 
most extensive of all mountain ridges, which is that 
which extends almost from pole to pole along the 
western coasts of North and South America. You 
traverse the pampas, where the land is, for the most 
part, slightly undulated, so that in riding over it the 
horizon is constantly changing, and the eye is ever 
on the alert, as objects appear or vanish in the 
distance. After passing San-Luiz you traverse a 
series of undulations which give to the country the 
appearance of a succession of huge ocean rollers 
pressing forward in parallel lines towards the moun- 
tains. You cannot fail to be struck with the peculi- 
arity of the scene. They are a series of undulations 
upon a much greater undulation, for the land falls 
again before reaching the mountains. When yet 
two hundred miles east of that mountain range, you 
may catch sight of it as its snow-covered peaks fling 
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back the rays of the rising sun. You pass through 
the ruins of the city of Mendoza, which, but five 
years ago, was destroyed by a comparatively slight 
movement of the outer crust of the earth. At length 
you commence to mount the eastern slope of the 
huge mountain ridge. You may glance eagerly firom 
mountain to mountain, from valley to valley ; districts 
of gravel, districts of sand, districts of earth ; strati- 
fied masses and unstratified masses : you may glance 
at all, vainly endeavouring by inductive steps to learn 
the process of their formation. All appears crude 
disorder and confiision. As the keen winds rush by, 
perchance they laugh a derisive laugh ; and the vast 
mountain ranges — rugged, stem, and inhospitable — 
frown in silent, majestic disdain. Here man is 
scorned. The rude mountains frown, and the angry- 
winds rage, as if threatening destruction to all 
who dare to venture here. But man shall triumph 
yet ; for, as you stand upon a narrow ridge which 
rises like a wall fourteen thousand feet above the sea, 
and on your right and left snow-covered peaks tower 
upwards nine or ten thousand feet higher, there, 
stung by the failure of your efforts by the paths of 
induction, you boldly rush upon the dizzy heights 
which are traversed by the dangerous paths of deduc- 
tion. With a vigorous effort you fling imagination 
back through time, and let it place you in an age 
between which and the present countless ages have 
intervened. You then find that not only the moun- 
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tains, but the whole continent has fallen away from 
beneath you, and there now lies below yon one vast 
expanse of water. The water is deep ; but below 
there is a hard stratified ground, beneath which the 
interior of the earth is in a state of liquid heat, 
but gradually cooling ; and, as it cools, the hardened 
surface is compelled to bend in graceful curves, in 
order to suit the decreasing size of the globe. By 
this bendmg, the water becomes of unequal depths, 
deepening in parts as it becomes shallow in other 
parts. At length, immediately below you, a ridge of 
dry land appears — this, then, is the birth of the 
South American continent — it continues gradually to 
rise, throwing off the water to the east and west ; 
there, then, lies the Pacific, and there the Atlantic 
Ocean. The bending upwards and downwards, in 
the same easy graceful curves, contiuues as long as 
the surface remains sufficiently pliant ; but at length, 
becoming more hard and brittle, as the strain still 
continues, it cracks with a tremendous crash, the 
rent extending north and south, almost from pole to 
pole. Up to this moment the surface has yielded 
gradually to the power of gravitation, ofi'ering great 
resistance. But, once broken, this resistance is gone, 
and gravitation, acting with unchecked power, crushes 
and "grinds the broken edges together with a force 
scarcely conceivable by the mind of man. Enormous 
masses of what had once been horizontal strata are 
now perpendicular, or even reversed. The smashing 
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and grinding of the broken edges, by the overwhelm- 
ing lateral pressure caused by gravitation, leaves 
scarcely a trace of the former stratified order, but 
leaves mass piled on mass in vast confusion, forming 
this huge mountain range along the course of the 
crack. And, more than this : the outer crust of the 
earth had hitherto been in a great measure self-sup- 
porting, its weight resting upon itself laterally in aU 
parts, so that the interior parts of the earth were in 
the same measure relieved from the weight of its 
inward pressure. That is, inward pressure had been 
changing to lateral pressure, in proportion aa the 
hardening surface of the earth offered increased 
resistance to the power of gravitation.. But when 
the hardening surface of the earth, becoming more 
brittle, had bent upwards as far as it could without 
breaking, it at length breaks along the top of the 
ridge, and, in proportion with the loss of lateral 
support thus caused, the weight of the adjacent parts 
of the surface press inwards ; aud, the inner parts of 
the earth being in a state of liquid heat, the increased 
weight pressing upon the fluid part forces the fluid 
matter upwards through the fissures in the crax^k ; 
and thus, in some places, mountain ranges of un- 
stratified rook are formed as the fluid hardens on the 
surface ; but here the accumulation of broken masses 
of stratified matter is so enormous that this part of 
the range seems to consist of nothing else. The 
stratified surface to the east of the crack has here 
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overliipped that to the west. So that on the west, 
the Pacific Ocean rolls against the disjointed massea 
that have been piled np about it j whereas on the 
east, the elevated strata slope away gradually to the 
Atlantic Ocean. That slope is itself undulated by 
pressure ; but those undulations are probably prece- 
dent to the occurrence of the crack which led to the 
pUing up of the Andes ; most, if not all, subseq^uent 
readjustments of the surface having been arranged 
by movements along the still unfirmly placed edges 
of the crack. The sudden movements in this neigh- 
bourhood even now cause at times a shock, or earth- 
quake, sufficient to overwhelm cities. In these 
movements, also, either by direct pressure of the 
surface downwards, or oftener probably by water or 
otlier matter being suddenly brought into contact 
with intense heat, matter from below the stratified 
surface is, in a state of liquid heat, forced upwards 
through openings in the crack ; thus forming, as the 
matter hardens on the surface, those high volcanic 
peaks which are here so numerous. Or, in other 
places, the same expansion not having sufficient 
force to burst through the surface, simply raises it in 
the form of an evenly rounded hill. 

Now, if these observations be not erroneous, we 
must conclude that granite, and most unstratified 
rocks, are in general forced to the surface in the same 
mannci- as is mud through the fissures between 
paving-stones ; that is, not by the direct pressure of 
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the granite upwards, but by the pressure of the 
stratified surface downwards. As long as the strati- 
fied surface remains unbroken, it is in a great 
measure self-supporting, resistmg the power of 
gravitation, to which it gradually is compelled to 
yield by bending, until at length it breaks. When 
once the breakage occurs, the adjacent parts, no 
longer offering the previous resistance to gravita- 
tion, are drawn inwards, pressing upon the liquid 
granite below, and forcing it outwards through the 
fissure. Now, if we suppose two great breakages 
to have been caused by the force of lateral pres- 
sure, the one corresponding with the course of the 
Rocky Mountains, the other with that of the Sierra 
Nevada of California, it is obvious that the inter- 
vening portion of the earth's surface, having up to 
the time of the breakage been in a great measure 
supported laterally, wUl, after its occurrence, exert 
an increased pressure inwards proportionate to the 
loss of lateral support ; and this inward pressure, 
acting upon matter in a fluid or semi-fluid state, 
will, to a greater or lesser extent, force that fluid 
matter upwards, through the breakages ; so that 
the unstratified rock would appear in ridges along 
the course of each breakage. Looking at the Yo- 
semite valley in the Sierra Nevada, a superficial 
glance makes it appear probable that, after a granite 
district having been formed here in the manner just 
suggested, the bending of the surface caused by 
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lateral pressure has continued, whilst the granite 
was becoming cool and hard on the surface, and 
that as soon as its surface became too hard and 
brittle to bend further, it cracked along the top of 
a bending ridge, the upper edges parting asunder, 
and leaving a deep wedge-shaped gorge. The debris 
from the sides and part adjacent to the crack has 
filled up the lower part of it, and formed the present 
bottom of the valley. 

There are some trees which, when young, are 
covered with a smooth thin bark ; but as the tree 
grows the pressure from within bursts the first 
layer, disclosing through the crack a new layer, 
proportioned to the increased growth of the tree. 
Thus layer after layer forms and bursts ; and, as 
the old layers continue to adhere to the tree, ridges 
are formed which as each successive layer is added 
get higher, and the hollows between them wider and 
deeper, imtil at length the bark of the old trees 
presents that rough, uneven surface, which at first 
sight looks so strange. Now, glance at the bark, or 
outer crust of the earth — ^it also presents a rough, 
uneven surface, rising and falling in mountains and 
valleys. The cause of this unevenness in the sur- 
face of the earth, though diametrically opposite, is 
no less simple, and no more wonderful than the cause 
of the unevenness in the surface of the tree. The 
latter is an expanding force — the former is a con- 
tracting force. As contraction proceeds in the 
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interior of the earth, the outer shell, not being 
sufficiently strong to resist the power of gravitation 
and support itself, must either bend or break, so as 
to accommodate itself to the reduced circumference 
which it has to enclose. A glance round the world 
shows that it has bent all over, and in many places 
broken. In some parts the bending is only sufficient 
to form gentle, easy undulations ; in other places, 
sufficient to form hills and valleys ; and where the 
surface, after bending as much as its pliancy would 
admit of, has at length broken, the broken edges, 
crushing against each other, have piled up mountain 
ranges of broken strata ; or, in other places, the 
inward pressure of the stratified surface has forced 
the liquid matter from below upwards through the 
crack, forming chains of unstratified mountains. 
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CHAPTER XIX. 

THE ACTION OF VIS-INERTIA ON THE SURFACE OF 

THE EARTH. 

It is evident that, if from the oblate spheroidal form 
of the earth, resulting from axial rotation, we can 
infer an action of vis-inertiae in the ocean, such an 
inference is equally applicable to the outer crust of 
the earth. So that, according to this, the whole 
surface of the earth, and all upon it, must tend to 
lag, while some revolving force within is dragging it 
round eastwards. 

And can any natural phenomena be adduced in 
refutation of this view ? It may, with exquisite 
logic, be shown to be at variance with assertions 
which have for some generations been taught in 
schools and colleges as laws of motion ; but it cannot, 
I think, be shown to be at variance with absolute 
fact ; and I will now briefly consider what movements 
and configuration of the outer crust of the earth 
should result from an action of vis-inertiae on it 
similar to that described as acting in the ocean, in 
order to ascertain whether the actual configuration is 
such as to admit of its having resulted from the 
action of that force. 
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For the sake of illustration, let us suppose the 
earth in the condition described in the foregoing 
chapter — namely, with an outer covering of air ; 
beneath that air an unbroken expanse of water ; 
beneath the water a hardening, but still more or less 
pliant, surface of land ; and beneath the land a fluid, 
incandescent, and gradually contracting mass, homo- 
geneous with the materials whose solidification has 
formed the outer crust or land. 

Under the sole action of its own force of gravita- 
tion that globe would naturally tend to preserve its 
form as a perfect sphere. But by the motion of 
rotation round its axis a centrifugal force is created, 
acting from the axis towards those parts of the 
surface which, being most remote fi-om the axis, 
rotate with the greatest velocity. On the surface of 
the globe this force acts from the poles of the axis 
towards the equator. And, supposing the land or 
outer crust of the globe to be sufficiently pliant, then 
the liquid mass within it would bulge it out all round 
the equator and draw it inwards at each of the poles ; 
thereby causing its equatorial to be greater than its 
axial diameter. The action of this force would not 
tend to cause any difference between the hemispheres 
lying on either side of the equator ; but, as far as its 
action is concerned, those hemispheres would be 
equal and their configuration similar. 

The tendency to contraction, as described in the 
foregoing chapter, induces lateral pressure through- 
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out the outer crust of the earth ; and if that outer 
crust have not sufficient strength to resist the action 
of gravitation, it must, if sufficiently pliant, have a 
tendency to undulate all over ; or, if not sufficiently 
pliant to undulate, its tendency must then be to 
shiver to fragments. Let us consider in what manner 
this tendency to undulate or to fracture can be 
aflfected by the action of vis-inertiaB. 

We have seen that the action of vis -inertia) 
resulting from axial rotation, and that resulting from 
orbital motion, both act westwards in any given part 
of the surface of the earth when that part of the surface 
is turned from the sun, but as soon as that part of the 
surface reaches the point of sunrise, then the conjoint 
action of those forces ceases ; the orbital force turns 
eastwards, and acts in opposition to the force result- 
ing from axial rotation. Thus, then, the alternate 
conjunction and opposition of these two separate 
actions of vis-inertise would control the undulating 
action of lateral pressure, and cause those undula- 
tions to take the form of a series of ocean waves 
sweeping westwards ; for the action westwards is 
the strongest, and it receives a check during each 
rotation of the earth. These, then, appear to be the 
forces which have determined the peculiarities of 
conformation, which have been so clearly pointed out 
by the late Rear- Admiral Fitzroy in the following 
passage, which I extract from the ' Weather Book.' 
On page 121 of that work Admiral Fitzroy draws 
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attention * to a very remarkable geologic conforma- 
tion, common to a great part of our world approach- 
able by sea, though not so much to the far interior of 
extensive continents : namely, gradual slope up from 
east towards west, and comparatively precipitous 
steeps, from summits, westward. Norway, Europe 
generally, Africa, with its outlying islands, both 
Americas, the Galapagos, the (elevated) Polynesian 
islands, the ranges of Australia, China, and Asiatic 
sea-coasts generally, when viewed extensively in 
profile from south to north, have the wedge-like 
outline that is familiar to Englishmen in the Bill 
of Portland. To the physical philosopher and the 
geologist we must turn for reasoning on this striking 
peculiarity — one that the writer has often noticed 
and considered with extreme interest. His attention 
was first drawn to it by seeing the Galapagos group, 
from a distance, appearing like several " Bills of 
Portland," all exactly similar in their profile outlines 
when many miles distant. Since that time (1836), 
many opportunities have occurred for inquiries and 
careful comparisons, of which the result is a belief 
that (excepting those greater east and west ranges of 
mountains embodied within continents, or continental 
islands, such as Australia and Borneo), the general 
average direction of ranges or chains of mountains 
is nearly meridional, and their section approaches 
that of a wedge (pointing eastward). 

* This wedge-like shape is common to every little 
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sand-ridge, every shifting shingle bank formed along 
shore by wave or tidal action. It is also that of 
sand-ridges on a plain, drifted by wind alone, and it 
is the form of snow-drifts — ^the point of the wedge 
being towards the source of action. Whether water, 
or wind, or both, acting contirmously ^ have been 
agents in these conformations ; whether, in contract- 
ing or expanding, the earth's surface or crust has had 
a tendency to scale-like fracturing, must be left to 
the consideration of competent judges.' 

These conformations, observed by Admiral Fitz- 
roy, appear clearly to coincide with such as might 
naturally be expected to result from the alternate 
conjunction and opposition of the two actions of vis- 
inertiaB in combination with the undulating tendency 
of lateral pressure. 

Besides the motions of axial rotation and orbital 
revolution, whose effects we have just considered, let 
us suppose the earth to have an onward motion 
southwards, since the evidence deduced from the 
course of the currents of the ocean has indicated a 
motion of the earth in the direction of the South 
Pole or thereabouts. 

And since, according to the theory just sketched, 
the motion of the earth results from attraction, it 
seems natural to expect that the movements of the 
magnetic-needle may be an effect of the action of the 
force which is carrying the earth onwards in that 
course. And, if so, we may then infer that the 

p 
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tendency of magnetiBin is to turn the positive end — 
that is, what is commonly called the north pole of 
the needle — in the direction of the earth's motion ; 
that is to say, in the direction of the South Pole, or 
thereabouts. And, as in the ocean, lines of lesser 
force are overwhelmed by lines of greater force, so 
that currents are caiised to run along the lines of 
lesser force in the opposite direction to that in which 
the force which impels them acts ; so also must the 
northward direction of the magnetic-needle result 
from the overwhelming of lines of lesser magnetic 
force by those of greater force ; that is to say, the 
lines of magnetic force must run through the central 
parts of the earth from the north to the south mag- 
netic pole, and then spread out over the surface of 
the earth towards the equator, crossing which, they 
must converge again towards the north magnetic 
pole ; so that the lines of greatest force, running 
through the central parte of the earth, overwhelm 
the lines of lesser force on the surface of the earth ; 
thus causing the needle, when placed in the lines of 
lesser force, to point in the opposite direction to that 
in which magnetism acts ; and, at the north magnetic 
pole, being in the line of greatest force, to point down 
through the central parts of the earth to the South 
Pole ; and, at the south magnetic pole, to point right 
away into space, marking the point in space towards 
which the earth may be moving. 

Then, by the magnetic action which we have 
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described, the surface of the earth should be drawn 
inwards about the North Pole, bulged outwards 
about the South Pole, pressed downwards between 
the South Pole and the equator, and piled upwards 
between the equator and the North Pole ; because 
the force returning from the South to the North Pole 
would, in the southern hemisphere, be pressing the 
surface of the earth from latitudes of leaser into 
latitudes of greater circumference ; whereas, in the 
northern hemisphere, it would be pressing the sur- 
face from latitudes of greater into latitudes of lesser 
circumference.^ 

The independent action of each one of the forces 
I have described is illustrated by the curve lines in 
Plate XVI. : in which the sphere shows the action of 

' According to Mr. Croli'a work, Climate ami Time, already 
alluded to, the great Southern Ocean exists in consequence of the 
aouthem ' ice-cap ' having moved the earth's centre of gravity 
southwards ; whereas, according to the argmnent aliove, that 
ocean exists in consequence of the surface of the earth having 
collapsed in the temperate regions of the southern, and bulged 
out in those of the northern hemisphere under the influence of 
the earth's motion through space. 

The latter action is corroborated by the existence of the 
Arctic Ocean, almoat encircled by the lands of the Northern 
Hemisphere; and by the Antarctic lands surraunded by the ocean 
of the Southern Hemisphere ; whereas, the attruction of the water 
to the Southern Hemisphere by the ' ice-cap ' would have tended 
to leave the Arctic Regions all dry land, and to submerge the 
Antarctic Regions as much as the South Temperate Zone. The 
great height of the mountains in the Antarctic Regions, where in 
corresponding latitudes in the Arctic Regions no land exists, seems 
at variance with the idea of the ocean having been drawn south- 
■wards by the formation of the ' icecap.' 
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gravitation ; the oblate spheroid the action of centri- 
fugal force, resulting from axial rotation ; and the 
cardioid the action of magnetic force, resulting from 
motion through space. And under the combined 
action of these forces the configuration of the earth 
would, therefore, be such, that if on the surface of 
the earth there lay water sufficient to cover one half 
of the earth's surface-that water lying in e^h of tte 
depressions, and leaving the protuberances dry land — . 
then the surface of the earth would be divided into 
the following alternate zones of land and water : 
namely, land about the South Pole ; a vast expanse 
of water throughout the temperate regions of the 
southern hemisphere ; a zone of dry land in the 
equatorial regions ; a narrow zone of water north 
of the equator ; a zone of dry land throughout the 
temperate regions of the northern hemisphere ; and 
a district of water about the North Pole. 

The land in the temperate zone of the northern 
hemisphere, and that about the South Pole, would 
be raised by the action of the magnetic force con- 
comitant with motion through space : and the land 
in the equatorial zone would be raised by the action 
of the centrifugal force concomitant with axial rota- 
tion. The relative positions of land and water re- 
sulting from the action of the forces just described 
strikingly correspond with the actual relative positions 
of land and water in each hemisphere, as is shown 
by the illustration given ^in Plate XVI. ; excepting 
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that the zones, instead of being continuous, iire inter- 
sected by undulations running north and south. 

In the north there is the depression which contains 
the Arctic Ocean, eurrounded by the continents of 
Europe, Asia, and America ; then there is the de- 
pression of which the Mediterranean and Caribbean 
Seas, separating Europe and North America from 
Africa and South America, form a part ; and thirdly, 
tliere is the greatest hollow, which contains the 
Southern Ocean, separating the continents just men- 
tioned from the lands of the Antarctic regions. 

Though the centrifugal force resulting from axial 
rotation might be expected in some measure to neu- 
tralise the undulating action of lateral pressure acting 
north and south, so that the greatest apparent effects 
of undulating force should result from the pressure 
acting east and west ; this would not account for any 
one of the meridional undulations being greater than 
any other. But, as far as the forces thus far con- 
sidered are concerned, aU. tlie meridional undula- 
tions on our hypothetical globe woidd be equal and 
similar. There are, however, on the surface of the 
earth two meridional undidations immensely greater 
than all others, the crests of which form respectively 
the Old and Kew Worlds ; the depressions between 
them containing respectively the Atlantic and Pacific 
Oceans. 

Such a meridional division of land and water 
would naturally result from a change of the earth's 
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axial rotation from any axis to a new axis at right 
angles to the position of the old axis. And, in fact, 
if in this sketch I have correctly described the action 
of the forces brought into play, then it would appear 
from the actual conformation of the outer crust of 
the earth that such a change of the axis of rotation 
as above mentioned has occurred, not once only, but 
many times. In such case the wave-like conforma- 
tions observed by Admiral Fitzroy must have been 
formed since the occurrence of the last change of 
axis : these comparatively modern undulations inter- 
secting older similar undulations, and obliterating, to 
a greater or lesser extent, the traces of their original 
conformation. 

Let us consider how such a change of axis as 
that just mentioned would affect the configuration of 
the globe which we have been describing. By such 
a change the position of the poles of the new axis 
would be in opposite points of the old equator : and 
the new equator would intersect the old at points 
ninety degrees from each of those poles. The equa- 
torial diameter between those points would then be 
greater than that at right angles to it ; for this latter 
would be the line of the former axis of rotation. 
And centrifugal force, carrying the water to the 
equatorial regions, would cause it to accumulate in 
two great oceans whose central points would be over 
the poles of the former axis : and those oceans would 
be separated meridionally by a belt of land lying 
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along the line of the former equator. Then, sup- 
posing the outer crust of the earth to be sufficiently 
pliant, the configuration which the action of the 
forces before described would tend to restore would be 
modified by meridional undulationK. For those un- 
dulations which, before the change of axis, formed 
the zones of land and water running parallel to the 
old equator, would after that change of axis lie 
meridlonaUy, or at right angles to the new equator. 

In this new position, under the action of the 
forces which caused the former configuration, a 
portion of the former equatorial regions would be 
sustained to form the new Antarctic continent, and 
the opposite part depressed to form the basin of the 
Arctic Ocean. And also, from the central parts of 
one of the great oceana, there would gradually be 
upraised the crest of the undulation which had 
formed the old Antarctic continent ; and about the 
central parts of the other of the great oceans there 
would gradually be upraised the crest of the undula- 
tion which had encircled the former Arctic Ocean. 
The undulating tendency of lateral pressure, acted 
upon by the actions of via-inertiaa residting from axial 
rotation and orbital motion, would then tend to raise 
a new series of meridional undulations intersecting, 
at right angles, those previously raised by the action 
of those same forces. 

If a portion of Brazil be supposed to have 
formed at one time an Antarctic continent, then the 
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actual configuration of land and water on the surface 
of the earth presents a strikmg resemblance with 
that which would naturally result from the action of 
the forces just described. 

The clear records of glacier action on an enor- 
mous scale traced by Professor Agassiz over all parts 
of Brazil which he visited give support to the idea of 
the last change of the earth's axis being as above 
suggested.^ And it is also interesting to observe 
that the only part of the present continents which, 
notwithstanding that change of axis, would have 
preserved its position relatively with both the poles 
and the equator, and would in those former times, as 
well as in the present, have enjoyed a temperate 
climate, is the very spot which the accepted traditions 
of the Caucasian race record as being that where our 
ancestors escaped destruction during such a deluge 

^ The striatioss and apparent remnants of glacier moraines 
on the Tijuca Hills and the Organ Mountains near Kio de 
Janeiro, which, at the time I published The Elements, and for 
eight or nine years previously, I supposed to be traces of glacier 
action similar to what I had seen among the glaciers of Norway 
and Switzerland, I afterwards found to be effects of the sliding of 
a stratum of broken rock over the solid rock of which the moun- 
tains are formed. A stratum of very hard and brittle rock seems 
to have been shivered to fragments, and, the parts adjacent to 
each crack having decomposed, the whole mass has taken a 
downward motion over the mountain sides, not only causing 
striations exactly similar to those caused by glacier action, but 
also leaving moraines which, though in general appearance 
similar to glacier moraines, are formed in consequence of the 
portion of the same stratum, which formerly surrounded them, 
having moved away more rapidly on steeper declivities. This of 
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as would naturally result jfrom the suggested change 
of the earth's axis.^ 

Besides the above change of axis, some previous 
changes would be requisite in order to account for 
the absence of land in the central parts of the Pacific, 
opposite the equatorial regions of Afiica. 

The investigation of this point ofiers a problem, 
intricate and interesting, but unsuited to the purpose 
of this chapter, which is simply to illustrate the 
universality of the action of the forces which deter- 
mine the position and movements of the ocean and 
atmosphere. And, if the foregoing arguments be 
not erroneous, then the actual configuration of the 
earth's crust shows the action of the forces in play in 



course does not disprove the supposed glacial period, but merely 
proves that the surface has und^gone more important changes since 
that period than I and, as it seems to me, Professor Agassiz at 
one time thought apparent. I, at any rate, supposed the surface 
of the ground in Brazil to be almost as left after the melting of a 
heavy covering of ice, but I have found that to have been a mistake, 
for there have been considerable changes since the existence of 
any glacial epoch there. Or, at least, causes now in action could 
very well have produced all the * striations * and * moraines * that 
I have seen there. 

^ ' In those days Koah saw that the earth became inclined.' — 
The Book of Enochs Ixiv. 1. 

' The earth labours and is violently shaken.' — Idem, 3. 

* The fountains of the great deep were broken up.' — Genesis, 
vii. 11. 

'And the foundations of the earth became equalised, while 
other depths were opened ; into which the water began to descend, 
until the dry ground appeared.' — The Book of Eiwchy Ixxxviii. 
9 and 10. 
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the ocean and atmosphere and confirms that south- 
ward motion of the earth in the first instance 
deduced fi-om the observed course of the ocean 
currents.^ 

^ A fiirther development of the action of via-inertiflB on the 
surface of the earth is given in The New Principles, as stated in 
the footnote to Proposition X., Chapter XXI. of this volume. 
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CHAPTER XX. 

PRELIMINARY. 

In Book I. a single phenomenon was accepted as 
sufficient to indicate that a force whose action is a 
matter of commonplace knowledge, is in play in the 
ocean in the same manner as that in which its action 
can be observed in ordinary phenomena. 

In Book II. it is shown that the action of that 
force in the ocean tends to cause the elaborate circu- 
lation through the system of ocean currents there 
described. 

In Book III. it has been ascertained that the 
force which causes the foregoing system of circulation 
is intrinsically the same as that which causes the 
well-known phenomena of the tides. 

And it has been shown that that force must tend 
to give both the moon and its tide a relative motion 
over the surface of the earth by the same action as 
that which circulates any particle of water in the 
ocean. And a cursory consideration of the motions 
of the moon and the planets has shown that they are 
not at variance with the action of that force. 

That analysis has shown that the vis-inertisB of 
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matter is the source of gravitation, through the action 
of which the apparent motion of every star must 
affect the ocean in the same manner as the corre- 
spending motions of the sun and moon. 

Just as the lunar tide follows the apparent motion 
of the moon, so also a similar action of the gravita- 
tion of every star draws the water in the direction of 
its apparent motion ; but as the stars are distributed 
all round the earth, the combined action of their 
innumerable tidal forces causes the equable system 
of circulation on which the lunar and solar tides are 
excrescences, on account of the irregularity of the 
action of these latter bodies on different meridians not 
being balanced by the action of bodies at the same 
distance on other meridians. 

Thus the ocean moves in concert with every 
motion of every star, just as it moves with the move- 
ments of the sun aud moon, so that every movement 
in the universe is, as it were, reflected by a corre- 
sponding movement in the ocean. 

The object of this Book will be to endeavour to 
trace in the heavens the action of the force which 
' forms the connecting link between the ocean and 

every part of those distant realms. 
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CHAPTER XXI. 

THE MOVEMENTS OF THE PLANETS. 

The Systrm op the Wobld. 

an extended application op the laws op gravitation dbmon- 
stbated by newton's * pbincipia * and * system. op the world.* 

Table op Contents. 

Pbop. 
I. The gravitatiou of a body in motion in free space tends to 

draw other bodies in the same direction. 

II. A rotating sphere tends to revolye surrounding bodies. 

III. The ratio of the revolving to the direct force is inversely as 

the distance. 

IV. The revolving force is inversely as the cube of the distance. 

V. The velocities of motion are as the square roots of the ratio of 
the revolving to the direct force. 
* VI. The velocities of revolution are as the square roots of the 

revolving force. 
VIL Vis-inertiffi being the cause of gravitation, the moon must have 

both an orbital and an apparent motion. 
VIII. The centrifugal force of astral gravitation increases as the 
square of the velocity of revolution. 
IX. The direct force of the Sun's gravitation acts as a retarding force, 

opposing its revolving force, along the orbits of the planets. 
X. The direct force of the Sun's gravitation tends to retard the Sun's 
axial rotation more than the revolution of the planets round 
the Sun. 
XI. The retarding action indicated by the foregoing proposition is 
apparent as regards the axial rotation of the Sun, and also as 
regards the axial rotation of the Earth and of the planets 
Saturn and Mars. 
Xn. The ratio which vis-inertiae bears to the Sun's gravitation is as 

the square of the dbtance from the Sun. 
XIII. That which it bears to the revolving force is as the cube of the 

distance. 
XrV. The ratio which the vis-inertise of the planets bears to the com- 
bined action of the direct and revolving forces of the Sun's 
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Prop. 

gravitation is as the fifth power of the distance from 
the Sun. 
XV. The combined action of the direct force and the revolving 
force of the Sun's gravitation make its motive action 
along the orbits of the planets inversely as the relative 
distances. 
XVI. The ratio which the motive force of gravitation, acting 
along the orbits of the planets, bears to the vis-inertise 
of the planets is as the sixth power of the distance. 
XVII. The velocities with which the Sun's revolving force endea- 
vours to move the planets along their respective orbits 
are decreased as the square roots of the revolving forces 
in the respective orbits decrease. 
XVni. To determine the normal period in which the force which 
causes the Sun's rotation endeavours to revolve the 
planets, as indicated by the actual relative periods in 
which they perform their orbital revolutions. 

XIX. The revolving force of the Sun's gravitation in the orbits of 

the planets is directly as the ratio which the velocities 
of the orbital and lagging motions bear to each other in 
each orbit respectively. 

XX. The relative velocities of the lagging motions of the planets 

are as the square roots of the ratio which vis-inertise 
bears to the direct and revolving force of the Sun's 
gravitation in their respective orbits. 
XXI. The relative velocities of absolute motion with which the 
planets move along their orbits are to each other 
directly as the square roots of the fractions of the Sun's 
force of gravitation which act as revolving forces in 
each orbit respectively. 
XXTT. The ratio of the relative velocities of orbital and apparent 
motions is as the square root of the ratio of the forces of 
gravitation by which they are caused. 

XXin. The orbital motions of the planets are caused by the revolv- 
ing action of the Sun's gravitation, and the apparent 
motions by the retarding action of astral gravitation. 

XXrV. The revolving force of the Sun's gravitation, decreasing in- 
versely as the cube of the distance, makes the relative 
velocities with which the planets perform their orbital 
revolutions round the Sun to be as the cubes of tlie 
velocities of the motion along the respective orbits in 
which the revolutions are made. 

XXV. The distances of the planets from the Sun are regulated by 
the action of astral gravitation. 

XXVI. To apply Proposition XXV. to the motion of a spinning- 
top. 
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Prop. 
XXVII. To apply Proposition XXV. to the upheaval of the ocean 
round the equatorial regions, by the action of the Earth's 
rotation. 
XXVIII. A planet continuously acted on by any motive force, 

tending to carry it onwards in its orbit, excepting the 
Sun's revolving force, could not remain in the solar 
system. 
XXIX. Objects free to move on the surface of a rotating sphere 
will have a relative motion along the surface if the 
direct be greater than the revolving force of the sphere. 
XXX. If the revolving be greater than the direct force of the 

sphere, nothing can rest loosely on its surface. 
XXXI. Within the limits of the atmosphere, the normal force of 
astral gravitation and the Earth's revolving force are 
together less than the direct force. 
XXXII. At some distance from the Earth its direct force must be 
brought into equilibrium, as regards the normal and 
centri^gal forces of astral gravitation. 
XXXni. An indefinite number of these lines of equilibrium may be 

fprmed. 
XXXI V. The efiective action of the Earth's revolving force depends 

on the proximity and power of other centres of rotation. 
XXXV. To determine the motion of a body acted on by revolving 
forces from different centres of rotation. 
Sec. 1.— rThe action of two equal forces rotating in oppo- 
site directions. 
Seo. 2. — ^The action of two equal forces rotating in the 

same direction. 
Sec. 3. — Unequal forces rotating in opposite directions. 
Sec. 4. — Action on the Moon of the revolving forces of 
the Sun and Earth if rotating in the same plane. 
Sec. 6. — Effect of the inclination of the planes of rotation. 
Sec. 6. — Newton's demonstrations of the laws of gravita- 
tion harmonise necessarily with the theory of 
vis-inertiflB. 
XXXVI. To apply Propositions XXXIV. and XXXV. to the dis- 
turbing action of the Earth's rotation as regards the 
orbital motion of the Moon round the Sun. 
XXXVn. To apply Propositions XXXIV. and XXXV. to the dis- 

tui-bing action of Neptune on the orbital motion of its 
satellites. 
XXXVin. To determine the interaction of revolving forces. 
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PROPOSITION L' 

Theorem. — If one of any two bodies in space be 
moved in such a manner as tx> increase the dis- 
tance between the two, the other tends to follow 
with the same motion. 

Because the force of gravitation tends to hold 
them together, and, therefore, if one be moved by 
an extraneous force, the other is drawn in the same 
direction by the action of their gravitation towards 
each other. 

CoroUary. — For the same reason the gravitation 
towards other bodies vrill tend to keep the second 
body in its position ; and, therefore, between the two 
forces it can neither remain at rest nor move with 
the full velocity of the first. 

^ It most be borne in mind that the theory tinder demon- 
stration in this Book is one arrived at by induction from the 
investigation of the movements of the ocean, not invented for the 
purpose of explaining the cause of the movements of the planets. 
From the movements of the latter corroborative evidence of the 
truth of what I consider already established as the cause of the 
movements of the ocean is given in such a manner that the result 
arrived at shows that the conflicting action of terrestrial and astral 
gravitation is of necessity tending to cause the system of oceanic 
circulation described in Book II. 
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PROPOSITION n. 

Theorem. — The rotation of a sphere tends to cause 
surrounding bodies to revolve around it. 

Because, at any point outside the sphere, the 
force of the gravitation of the nearest part is greater 
than that of any other equal part ; and therefore the 
gravitation of the body at the given point towards 
the nearest part of the sphere will tend to cause it 
to follow the motion of that part. 

Note. — By the corollary to Proposition I. the 
velocity of a body moved by the gravitation of 
another body in motion cannot be so great as that of 
the latter ; and therefore, if the motion were in a 
right line, the motive force would gradually be 
decreased by the increasing distance. But as regards 
the rotation of the sphere, though the body set in 
motion cannot keep pace with the velocity of rota- 
tion, its recession from one part brings it over an- 
other part of the rotating surface ; and thus the 
motive force becomes as constant and equable as the 
rotation. 
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PROPOSITION HL 

Theorem. — The ratio which the revolving force of the 
gravitation of a sphere bears to it3 direct force is 
inversely as the distance firom the sphere. 

Becanse the revolving force depends on the 
amount by which the force of the gravitation of the 
nearer exceeds that of the remoter half of the 
sphere. Therefore, the difference in those forces 
depends on the ratio which the distance firom the 
sphere bears to its diameter ; increasing as the ratio 
which the diameter of the sphere bears to the distance 
fi-om the sphere increases. And, as the ratio which 
the diameter bears to the distance is inversely as the 
distance, therefore the ratio which the revolving force 
of the gravitation of a sphere bears to its direct 
force is inversely as the distance fi-om the sphere. 

Definition. — The point fi'om which the relative 
distances must be measured is neither the nearest 
point of the sphere nor its centre, but an interme- 
diate point. The table on page 82, however, shows 
that for our present purposes the above ratio is 
sufficiently accurate if the relative distances be 
measured fi-om the centre of the sphere, and the 
subject need not, therefore, be iuvolved with that 
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minor question until, after elucidating the general 
principles, greater accuracy becomes requisite for 
matters of detail. 

Corollary. — Subject to the foregoing Definition, 
the fraction of the sun's direct force of gravitation at 
any distance, which acts as a revolving force, is in- 
versely as the distance, as shown by the table on 
page 82, as regards the actual distances of the planets 
from the sun. 



PEOPOSITIQN IV. 

Theorem. — The revolving force of the gravitation of 
a sphere is inversely as the cube of the distance 
fi'om it. 

Because the direct force of gravitation is in- 
versely as the square of the distance, and the ratio 
which the revolving force bears to the direct force is 
inversely as the distance (Proposition III.) ; therefore 
the revolving force of the gravitation of a sphere is, 
at different distances, inversely as the cubes of the 
distances.! 

^ This is demonstrated also by the Table of Forces and Velocities 
given in Proposition XIX., which also shows the slight difference 
in the ratio of forces, at the actual distances of the planets, acting 
from the centres of the opposite hemispheres of the sun and from 
the surfaces of the same. 
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Note. — If the movements of the planets accorded 
exactly with Kepler's empirical laws, then they 
would also accord exactly with the theoretical action 
described by the Propositions in this Book with the 
relative distances calculated from the centre of the 
sun ; but those laws require correction, because the 
direct force of the sun's gravitation must be calculated 
from the centre of the sun, whereas the revolving 
force is dependent on the centre of gravity of the 
nearer half of the sun. This observation applies 
to all the Propositions in this Book in which the 
revolving force is involved. 



PEOPOSITION V. 

Theorem. — The squares of the velocities of the orbital 
motions of the planets are to each other directly 
as the ratios which the revolving force of the sun's 
gravitation bears to its direct force in their 
respective orbits. 

For the ratios are inversely as the distances 
(Proposition III. ), and the velocities, measured along 
the respective orbits, are such that the squares of the 
velocities are inversely as the relative distances of 
the planets from the sun ; therefore the squares of 
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the velocities are directly as the ratios which the 
revolving bears to the direct force. 

Note. — The above is made evident by the table on 
page 82 ; for the fractions of the sun's direct force, 
which act as revolving forces, given in the third 
column of that table, are inversely as the mean of the 
distances given in the first column approximately ; 
and the figures in the fourth column, which represent 
the actual relative velocities of the planets, are the 
square roots of those fractions of the sun's force. 



PEOPOSITION VI. 

Theorem. — The squares of the relative velocities with 
which the planets in their orbital motions pass 
round the sun are to each other directly as the 
revolving force of the sun's gravitation in their 
respective orbits. 

For the relative velocities of revolution are in- 
versely as the times of revolution : 

And the squares of the times are directly as the 
cubes of the distances (Kepler's law) : 

Therefore the squares of the velocities are in- 
versely as the cubes of the distances. 

But the revolving force is inversely as the cubes 
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of the distances (Prop. IV.) ; therefore the squares of 
the velocities are directly as the revolving force. 

Definition. — The velocity of revolution must not 
be confounded with the velocity of motion. 

The former applies to the relative number of 
revolutions, and the latter to the relative velocities 
of the motions by which the revolutions are eflfiected. 
So that the relative velocities of revolution must be 
multiplied by the relative distances to give the relative 
velocities of motion. 



PEOPOsrriON vn. 

Theorem. — If vis-inertiae, or a force of inertion in- 
herent in matter, be the cause of gravitation, the 
moon must have both an apparent lagging motion 
and an orbital motion. 

Because vis-inertiae, being the cause of the entire 
force of gravitation acting at any point ; when any 
part of that force of gravitation tends to give a body 
at that point a new position, it is evident that the 
position to which the body is moved under its action 
must be intermediate between that to which the 
motive force of gravitation tends to carry it and 
that in which the remaining force tends to retain it ; 
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and therefore, whilst vis-inertiae keeps it in equilibrium 
between these opposing forces, the body will neither 
reach the new position to which the motive force tends 
to carry it, nor remain in the old position in which the 
remainder of the force of gravitation tends to retain 
it. So that it must have a real motion from the old 
position, but at the same time can never reach the 
point to which the motive force endeavours to carry it. 
Therefore, whilst held in equilibrium by vis- 
inertiae, the moon has a real motion in the same 
direction as that of the motive force, which latter is 
its gravitation towards the nearest part of the earth's 
surface endeavouring to carry it along with the 
motion of that surface (Proposition II.) : but the 
remaining force of gravitation, which is astral gravi- 
tation, as defined in Book III., keeps it constantly 
from reaching the point to which the motive force 
endeavours to carry it ; and therefore gives it an 
apparent motion over the earth's surface in the 
opposite direction to that in which the surface 
endeavours to carry it. 



PROPOSITION VIII. 

Theorem, — If the planets as they revolve in their orbits 
are in equilibrium between the revolving force 
of the sun's gravitation, tending to carry them 
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onwards, and the opposing action of astral gravita- 
tion, then the force of astral gravitation increases 
as the square of the velocity of revolution ^vhich 
it opposes. 

Because, being in equilibrium, the force of astral 
gravitation is equal to the revolving force ; 

But the revolving force is as the square of the 
velocity of revolution (Proposition VI.) : 

Therefore the force of astral gravitation increases 
as the square of the velocity of revolution which it 
resists. 

Note. — The action of astral gravitation which 
opposes the revolving force is a centrifugal force ; 
because, acting in exactly the opposite direction to 
that in which the revolving force acts, it tends to 
draw the revolving body backwards out of its orbit,' 
as shown by the diagram on p. 88. 



PROPOSITION IX. 

Theorem. — The direct force of the sun's gravitation 
acts as a retarding force, opposing its revolving 
force along the orbits of the planets. 

Because the planets move along their orbits with 
such velocities of absolute motion as to make the 
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squares of those velocities identical with the fractions 
of the sun's force of gravitation which acts as a motive 
force along the respective orbits (p. 82) ; and those 
fractions are inversely as the distance from the sun 
(Proposition III., Corollary) ; whereas the absolute 
amount of the revolving force is inversely as the 
cube of the distance (Proposition IV.), and if not 
neutralised by the direct force of the sun's gravita- 
tion, inversely as the square of the distance would 
give to the planets, moving in comparatively free 
space, a much greater proportionate velocity with 
each decrease of distance. 

Therefore, just as any force exerted to move any 
body along the surface of the earth is resisted by the 
weight of the body moved, which is the direct force of 
the gravitation of the earth acting on it, so also must 
the planets be held in equilibrium between the sun's 
direct force of gravitation and opposing force, which 
jointly resist motion along the orbit, as well as 
respectively in either direction from the orbit. 



PEOPOSITION X. 

Theorem. — The direct force of the sun's gravitation 
tends to retard the sun's axial rotation more than 
the revolution of the planets. 
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Because, whatever be the distance from the sun's 
centre from which the revolving force acts, causing 
the sun to rotate in the plane of its equator, the velocity 
which it tends to give to matter in the plane of the 
equator is checked by the connection of the latter with 
that extending to the polar regions ; because the force 
acting from the opposite sides, w and e (Fig. 20), 
exactly neutralise each other at the poles, n and s, 
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and have each their greatest eflfective action along the 
equator ; therefore the direct force of the sun's gra- 
vitation acting from the opposite hemispheres, n and s, 
towards the centre, c, causes those opposite hemi- 
spheres to act as a break, retarding the normal velo- 
city which the revolving force would otherwise give 
to the equatorial regions.^ 

^ The geological action of this retarding force is alluded to in 
several parts of The New Principles of Natural Philosophy, 
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PEOPOSITION XI. 

Theorem. — The retarding action indicated by the fore- 
going Proposition is apparent as regards the axial 
rotation of the sun, and also as regards the axial 
rotations of the earth and of the planets Saturn 
and Mars. 

As regards the sun ; because the velocity indi- 
cated by the relative velocities of planetary motions, 
which make the squares of their periods as the cubes of 
their distances from the centre of the sun, would give 
a planet at the sun's surface a period of '1169 of a 
day instead of 28 days. 

As regards the earth ; because the velocity indi- 
cated in the same manner by the motion of the moon 
would give the earth's equator a .period of 80 minutes 
instead of 24 hours. 

As regards Saturn ; because its rings, extended 
round the plane of its equator, and not checked by 
matter extending to the polar regions, revolve in a 
shorter period than the surface of Saturn below 
them. 

As regards Mars ; because its moon is in fact 
sufficiently near to it to be carried round in a shorter 
period than that of the rotation of the surface of 
Mars. 
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PEOPOSITION XIT. 

Theorem. — The ratio which the vis-inertisB of the 
planets bears to the direct force of the sun's 
gravitation is as the square of the distance from 
the sun. 

Because vis-inertiae is the source of every force 
of gravitation, or the whole action of the gravitation 
of the universe (Book III.) : ^ 

And the direct force of the sun's gravitation is 
inversely as the square of the distance from the sun : 

Therefore the ratio which vis-inertisB bears to the 
direct force of the sun's gravitation is as the square 
of the distance from the sun. 



PEOPOSITION xm. 

Ihem^em. — The ratio which the vis-inertiae of the 
planets bears to the sun's revolving force is as 
the cube of the distance from the sun. 

By the same argument which makes the ratio it 
bears the direct force as the square of the distance 

1 See Proposition XXXII. 
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(Proposition XII.); for the revolving force is in- 
versely as the cube of the distance from the sun 
(Proposition IV.) 



PEOPOSITION XIV. 

Theorem, — The ratio which the vis-inertiae of the 
planets bears to the combined action of the direct 
and revolving forces of the sun's gravitation is as 
the fifth power of the distance from the sun. 

Because the normal ratio of the square of the 
distance which vis-inertiaB bears to the sun's direct 
force is increased as the cube of the distance by the 
existence of the revolving force. 



PEOPOSITION XV. 

Theorem. — The combined action of the direct force and 
the revolving force of the sun's gravitation makes 
its motive action along the orbits of the planets 
inversely as the relative distances. 

Because the sun's revolving force is inversely as 
the cube of the distance from the sun (Proposition 
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IV.) ; and the direct force, which is inversely as the 
square of the distance, is a retarding force (Proposi- 
tion X.) 

Note. — The sun's revolving force, endeavouring to 
carry the planets round with the same motion, is 
inversely as the cube of the distance from the sun 
(Proposition IV.), and the planets are revolved with 
such relative velocities as to make the squares of those 
velocities of revolution identical with the relative 
amount of the sun's revolving force in their respec- 
tive orbits (Proposition VI.) But the fraction of the 
sun's direct force in each orbit which acts as a revolv- 
ing force is inversely as the distance from the sun 
(Proposition III., Corollary)^ and the squares of the 
relative velocities with which the planets move along 
their orbits are identical with the respective fractions 
of the sun's direct force which act as revolving forces 
along the orbits (Proposition V., Note). And these 
fractions of the sun's direct force represent its motive 
action along the orbits of the planets, because the 
increased force of any given fraction, consequent on a 
decrease of distance from the sun, is to the same 
extent counterbalanced in consequence of the direct 
force forming a part of the retarding force of gravita- 
tion, which resists the onward motion along the orbit. 

Corollary 1. — If the planets are moved along their 
orbits in equihbrium between opposing forces of 
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gravitation, then the force of astral gravitation which 
resists the sun's motive action along the orbit is as 
the square of the velocity of motion. 

Corollary 2. — By the above and Proposition VIII. 
the resistance of astral gravitation is as the square of 
the velocity it opposes, whether it be a velocity of 
revolution or a velocity of motion. 

This is to be inferred also from the centrifugal 
force being equal to the centripetal, and therefore 
inversely as the square of the distance from the sun ; 
so that the remainder of the retarding force which 
opposes the sun's revolving force is inversely as 
the distance. 



PEOPOSITION XVL 

Theorem. — The ratio which the motive force of gravi- 
tation, acting along the orbits of the planets, bears 
to the relative vis-inertiae of the planets in respect 
to the sun's direct force is as the sixth power of 
the distance. 

Because the one is inversely as the distance (Pro- 
position XV.), and the other directly as the fifth 
power of the distance (Proposition XIV.) 
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PROPOSITION XVII. 

Data. — The sun'e revolving force endeavours to 
revolve the planets in equal periods. 

Definition. — The superimposed objects n and 
M (Fig. 21), resting at a on the earth's surface, 
E A w, are revolved about the earth's centre, c, in 
equal periods ; the more distant, n, moving in a 
greater orbit, and with a greater velocity of motion, 
than M. 




Theorem. — Those attempted velocities are decreased 
as the square roots of the sun's revolving force in the 
respective orbits decrease. 
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Proof. — For the endeavour to carry Neptune 
round in the same period as Mercury would give 
the former a velocity of motion 77*7 times greater 
than the latter. But the revolving force being 
inversely as the cube of the distance, and therefore 
469000 times greater in the orbit of Mercury, and 
increasing its velocity as the square root of the force, 
or diminishing the relative velocity of Neptune in 
that proportion, would therefore decrease the relative 
velocity of the latter 684 times, making the relative 
velocities as 1 is to ^; or as 8 '8 is to 1 ; which are 
the actual relative velocities of motion along the 
respective orbits. 

Note. — Books II. to VIII. have shown that the 
drops of water in the ocean, instead of keeping 
pace equably with the earth's rotation, tend to 
lag more at the surface of the ocean in the equa 
torial regions than below the surface where nearer 
the earth's centre ; and the above Proposition shows 
that the relative lagging of the planets in relation 
to the sun's rotation accords mathematically with 
the action of the forces described as circulating the 
ocean. 
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PEOPOsrnoN xvin. 

Problem. — To determine the normal period in which 
the force which causes the sun's rotation endea- 
vours to revolve the planets, as indicated by the 
actual relative periods in which they perform their 
orbital revolutions. 

If the revolving force be supposed to act from a 
mathematical point in the centre of the sun, then, as 
the actual periods decrease as the square root of the 
cube of the distance decreases, both the actual and 
the attempted periods would at that point be infinitely 
decreased, making the effort of gravitation to be, to 
give the planets an infinite number of revolutions in 
an infinitely short period. 

A slight removal of the source of the revolving 
force from the centre of the sun allows of the existence 
of a definite period of attempted revolution, and the 
greater that distance the greater the period. 

Allowing the maximum distance from which the 
sun's gravitation can act, which is from the surface of 
the sun, the period would then be '1169 of a day. 

The normal period sought for is therefore between 
the two extremes above indicated. 
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PEOPOSITION XIX. 

Theorem, — The revolving force of the sun's gravita- 
tion in the orbits of the planets is directly as 
the ratio which the velocities of the orbital and 
lagging motions bear to each other in each orbit 
respectively. 

Because the revolving force resulting from the 
difference in the motive action of any two particles in 
opposite hemispheres of the sun at corresponding 
points in those hemispheres is inversely as the cube 
of the planet's distance from the sun : for it is shown 
by the table annexed that the ratio of forces acting 
from R and s, close to the surface of the sun, differs so 
little from that acting from y and z, near the respec- 
tive centres of the opposite hemispheres, that for the 
purpose of the present argument the aggregate action 
of the two opposite hemispheres at the actual distance 
of the planets may be treated as inversely as the 
cube of the distance from the sun. And, by the same 
table, the ratio of velocities also closely approximates 
to the inverse cube of the distance with the minimum 
lagging velocity indicated by the foregoing Proposi- 
tion ; and a greater lagging velocity would make the 
ratio of velocities more nearly approximate to the 
inverse cube of the distance calculated from the centre 
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of the sun. For by treating the attempted velocity as 
infinite, the table would give the maximum velocities 
of lagging, which would make the relative periods of 
revolution exactly the measure of the relative velo- 
cities of lagging. 

No actual proof that this latter is not the measure 
of the relative lagging velocity is yet given, except the 
fact that it seems scarcely reasonable to suppose that 
it can be so ; and it appears most probable that the 
revolving force acts from what at any given instant 
may be the centre of gravity of the nearer hemisphere 
of the sun. And as this would give a still greater 
velocity of lagging than that indicated in the table, 
and therefore be intermediate between the maximum^ 
obtained by treating the periods of revolution as 
exactly the measure of the relative lagging, and the 
minimum^ obtained as shown by the table ; and as 
those extremes do not themselves differ sufficiently 
to affect the purpose of the present arguments, the 
simple ratio indicated by the periods of revolution 
may (until greater precision is required for questions 
of detail) be treated as the measure of the lagging 
velocities. 

Therefore, as the apparent velocity of Mercury's 
orbital motion is 14732" per day and that of Neptune 
2iy ; the former revolves in 88 days and the latter 
in 60126 days ; and the ratio of orbital motion and 
lagging is approximately as given in the following 
table : — 
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Periods of 

orbital reTO- 

latlon in 

(lays 


Mean daily 

motion, or 

apparent 

Telodties 


Batioe of apparent 

Telocitiesto periods 

of rerolntion 


Sazue, 

l=ratio in 

orbit oC 

Neptune 


Mercury . 
Venus . . 
Earth . . 
Mars . . 
Jupiter 
Saturn 
Uranus , 
Neptune 






87-96 
2247 
366-26 
686-9 
4332-6 
10769-2 
30686 
60126 


14732-4 
6767-6 
3648-19 
1886-6 
299-12 
120-466 
42-233 
21-664 


167-47 
26-712 
9-714 
2-7463 
•06904 
•011196 
•0013762 
•0003684 


467200 

71740 

27100 

7660 

192 

31 

SB 

1 



The ratios above are inversely as the cubes of the 
distances of the planets from the sun, or directly as 
the sun's revolving force in each orbit (approxi- 
mately), as shown by the table on p. 246. 

The ratios of real velocities and lagging, with 
the maximiun correction for the latter alluded to 
in Proposition III., is also given in the table just 
mentioned. 



PEOPOSITION XX. 

Theorem. — The relative velocities of the lagging 
motions of the planets are as the square roots of 
the ratio which vis-inertia3 bears to the direct 
and revolving force of the sun's gravitatiou in 
their respective orbits. 

For the ratio of forces is as the fifth power of the 
distance (Proposition XIV.) 
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But Neptune lags 683 revolutions whilst Mer- 
cury lags one ; and the length of its orbit is 77 
times greater ; so that the velocity of its lagging 
motion is 52,591 times greater. The square of this 
increased velocity is 2,765,813,281, which is approxi- 
mately the fifth power of the distance. 

Note. — In the above (for the reason given in 
the Note to the foregoing Proposition) the relative 
periods of revolution are taken as the measure of 
the relative velocities of the lagging motions, making 
Neptune's lagging approximately 683 revolutions 
more than Mercury's, because the latter takes about 
88 days to revolve and the former 60,126 days. 
The limit of the correction which may be requisite, 
and which is not, even at its maximum, enough to 
affect the present argument, is shown in connection 
with the foregoing Proposition. 



PROPOSITION XXL 

Theorem. — The relative velocities of absolute motion 
with which the planets move along their orbits 
are to each other directly as the square roots of 
the fractions of the sun's force of gravitation, 
which act as revolving forces in each orbit respec- 
tively.^ 

^ This is a corollarj to Proposition III. 
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The fractions of the sun's direct force whicli act 
as revolving forces are inversely as the distance 
(Proposition III., Corollary). 

But Mercury makes 683 orbital revolutions whilst 
Neptune makes one ; and the length of Neptune's 
orbit being 77 times greater than that of Mercury, 
the velocity of Mercury's orbital motion is 8*8 times 
greater than Neptune's. The square of this increased 
velocity is 77*44, which is, approximately, inversely 
as the difference of the relative distances. 

Note. — The above is demonstrated also by the 
table on p. 82, which shows that the fraction of 
the sun's force which at any distance acts as a 
revolving force is inversely as the distance, and 
directly as the squares of the velocities of motion in 
the planetary orbits. 



PEOPOSiTiON xxn. 

Theorem. — The ratio which the motive force of gravi- 
tation bears to the vis-inertia3 of the planets in 
each orbit is as the square of the ratio which the 
velocities of the orbital and lagging motions bear 
to each other. 

For the velocity of Mercury's orbital motion is 
8*8 times greater than Neptune's ; and the velocity 
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of Neptune's lagging motion is 52,591 times greater 
than Mercury's : 

Therefore the ratio which the orbital bears to the 
lagging motion is 463,350 times greater in the orbit 
of Mercury than in that of Neptune. 

The square of that ratio of velocities is 
214,693,222,500 — which is approximately the sixth 
power of the distance, and therefore represents the 
relative ratio of forces (Proposition XVI.) 



PEOPOSITION XXIII. 

Data. — The sun rotates from west to east, and the 
planets revolve in their orbits in the same direc- 
tion ; but the periods of their revolution are 
greater than that of the sun's rotation, so that 
they have apparent motions over the surface of 
the sun from east to west. 

Theorem. — The motions by which the planets are 
revolved in their orbits from west to east round the 
sun are caused by the revolving force of the gravita- 
tion of the latter, tending as it rotates to carry the 
planets round with it in the same motion of rotation ; 
and the apparent motions from east to west, in rela- 
tion to the surface of the sun, are caused by astral 
gravitation. 
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Because the opposing action of solar and astral 
gravitation tends to give the planets both orbital and 
apparent motions (Proposition VII.) ; 

And the actual relative velocities of the opposite 
motions in each orbit are neither greater nor less 
than would result from the free action of those forces 
(Propositions XIX. to XXII.) : 

Therefore those motions are not dependent on the 
action of any other forces than those stated in the 
above theorem. 

Note. — Extraneous forces, acting from other 
centres of rotation, may revolve the whole solar 
system jointly, and cause perturbations in the 
motions of the planets under consideration in this 
Proposition ; but the acceleration in one part of the 
orbit being compensated by the retardation in the 
opposite part, the mean velocities wiU not be 
affected. 



PEOPOSITION XXIV. 

Theorem, — The revolving force of the sun's gravita- 
tion, decreasing inversely as the cube of the dis- 
tance, makes the relative velocities with which 
the planets perform their orbital revolutions round 
the sun to be as the cubes of the velocities of the 
motions along the orbits in which the orbital 
revolutions are made. 
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For the foregoing Propositions show the sun's 
revolving force to be the cause of the orbital revolu- 
tions of the planets ; and Plate XVII. shows the 
existence of that ratio of real and apparent velocities 
of orbital motion as regards Mercury and the earth ; 
and the same ratio exists as regards all the planets. 

Thus, the relative velocities of the orbital motions 
of Mercury and Neptune are as 8*8 is to 1 ; the cubes 
of those velocities are as 681 is to 1 ; which re- 
presents approximately the relative number of their 
orbital revolutions. 

Also, because the revolving force is inversely as 
the cube of the distance (Proposition IV.) and the 
motive force acting along the orbit is inversely as 
the distance (Proposition XV.) ; therefore the rela- 
tive number of revolutions are as the cubes of the 
relative velocities of motion. 



PEOPOSITION XXV. 

Theorem. — The distances from the sun at which the 
planets are revolved in their orbits are determined 
by the action of astral gravitation. 

Data. — The planets are revolved in their orbits 
in equilibrium between opposing forces of solar and 
astral gravitation. 
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Proof. — Let any planet in any given position be 
in equilibrium without an orbital motion, and then 
let the revolving force of the sun's gravitation tend 
to give it any given velocity of revolution. 

The force of astral gravitation then increases as 
the square of that velocity (Proposition VIII.): 

The equilibrium between the opposing forces of 
solar and astral gravitation is then destroyed, and 
the planet must therefore move in the direction of 
the greater force, which consequently carries it farther 
from the sun : 

As it recedes from the sun, the power of the direct 
force of the latter to retain it in its orbit decreases as 
the square of the distance increases : 

But the revolving force decreases as the cube of 
the distance increases (Proposition IV.) : and the 
opposing force of astral gravitation decreases in the 
same proportion : 

Therefore, since the greater force, tending to 
carry the planet out of its orbit, decreases as the 
cube of the distance increases ; whilst the lesser force, 
tending to retain it in its orbit, decreases as the square 
of the distance increases ; the recession of the planet 
from the sun must sooner or later restore the equi- 
librium of the opposing forces. 

Therefore the distance to which the planet is 
carried from the sun is determined by the action of 
astral gravitation. 

This demonstration is illustrated by the diagram 
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on p. 88. In consequence of the increase of the re- 
tarding force of astral gravitation the planet at a is 
carried to c in the orbit c d e^ instead of moving from 
a to & in its former orbit, ah f. The increased force 
of astral gravitation thus lifts the planet into an orbit 
farther from the sun at x. 

Note. — The planet having been held in equilibrium 
by vis-inertia3, the whole of that force, except the 
force of astral gravitation created by the action of 
the revolving force, tends to keep it at its normal 
distance of equilibrium. 

Corollary. — Therefore the action of a revolving 
sphere on other bodies in positions of normal equi- 
librium may be considered as exerting a centripetal 
force decriing as the «,uare of the Lance, L a 
revolving force decreasing as the cube of the distance 
and of necessity resisted by a retarding and centrifugal 
force also decreasing in the latter proportion. 



PEOPOSITION XXVI. 

Problem. — To apply Proposition XXV. to the motion 
of a spinning-top. 

Suppose the velocity of rotation be, say, 8 in the 
direction ah c d (Plate XVIII.) ; if the resisting 
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force of astral gravitation is equal to the square of 
velocity, then the resistance of astral gravitation is as 
the square of 8 on each side ; but immediately the 
top moves downwards from that position — say with 
the velocity of 4 in a downward direction — ^then the 
particles on the side d ah^ with this motion added to 
them, have their velocity increased ; and that velocity 
of 4 added to the velocity of 8 makes the velocity of 
12, whereas the velocity on the side b c d \s reduced 
to 4 ; so that the resistance of astral gravitation on 
one side is the square of 4, or say 16, whereas the 
force on the other side is 144, say the square of 12 • 
so that the force of astral gravitation on the side 
d ah IB 144 drawing upwards and 16 on the side 
bed drawing downwards. Thus there is a difference 
of 128, representing an excess in the force of astral 
gravitation drawing upwards; and, unless the earth's 
power of gravitation drawing it downwards is equal 
to that difference of 128, the top cannot fall ; it is 
then supported, and it is only when the top's rotation 
becomes so slow that the earth's power of gravitation 
dragging it down is greater than the difference be- 
tween those two forces of astral gravitation, that the 
top can fall. 

The tangential action of the force at a, which 
supports the top (constantly lifting that side whilst 
the side c falls) carries the top round with the motion 
of revolution in the direction efgh. 

A force of astral gravitation at the point h then 
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resists this horizontal motion exactly as that at the 
point a resists the downward motion ; and the tan- 
gential action of the force at b also supports the top ; 
because it tends to carry the point b farther than the 
point d, from the centre x, just as the tangential 
action at the point a makes the top revolve by tending 
to carry the point a farther than the point c from the 
centre x. 

If the velocity of rotation be great, the force at b 
will lift the top into an upright position in the* same 
manner as the force at a carries the top round in the 
direction efgh. 

As soon as the velocity with which the top rotates 
becomes so slow that it falls, under the influence of 
the earth's gravitation, the onward motion commu- 
nicated to it by the action of astral gravitation is 
immediately reversed, and it runs on the ground like 
a wheel. 



PEOPOSITION XXVII. 

Problem. — To apply Proposition XXV. to the up- 
heaval of the ocean round, the equatorial regions 
by the action of the earth's rotation and to its 
constant circulation in that position. 

1. Let the circle n w s e (Fig. 22) be ^the 
surface of the earth, n the north, and s the south 

s 
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pole. And let the circle a b c d he the form ^?^hich 
the ocean would take with the earth at rest. 

Then give the earth an axial rotation in the plane 
of the equator, w e. 

This rotation creates a centrifugal force which 
gives the particles of water resting on each parallel 
of latitude a tendency to rise from the circles in 
which they are revolved. 




i^ 



. Fia 22. 



Thus, under the action of the centrifugal force 
particles on the equator, w e, tend to rise from e 
towards g in the plane of the equator ; and particles 
on the parallel z x tend to rise in the direction x t 
parallel to the equator. But the earth's gravita- 
tion, acting across the plane x tm the direction v r 
draws the latter particles towards the equator. 

Thus, as the centrifugal force tends to carry off 
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the particles in the plane of rotation, z x^ the earth's 
gravitation inclines them out of that plane into the 
next parallel of greater circumference, o y, where the 
centrifugal force is augmented ; and pressing in this 
manner through each parallel of latitude tovrards the 
equator, they replace the particles at e, whose centri- 
fugal force, augmented by the pressure of the particles 
from a?, carries them towards h and g. 

Thus the water sinks from a to n, glides along the 
surface of the earth from n to e, and rises upwards 
from E to g. 

The centrifugal tendency imparted by the rotating 
surface of the earth increases as any particle travels 
from N to E ; but as it rises from e to ^ it gradually 
loses the centrifugal impetus which caused it to fly 
off from the surface at e (for its motion is retarded, 
as shown in Proposition XXV. of the planet moved 
from the orbit a bf to the higher orbit c d em Fig. 19, 
p. 88), and as the particles raised up towards g 
lose their centrifugal force, their gravitation to the 
earth must tend to restore the equilibrium of the ocean, 
making the pressure of the column e ^ at e equal to 
the pressure of n / at n. 

2. As the centrifugal force continues to act on the 
particles resting on the surface of the earth fending to 
carry them from n (Fig. 22) through a? y to e and J, 
they prevent the particles at g from falling to the 
earth in a direct line ; and therefore as the centri- 
fugal force of the particles at x tends to cause them 
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to displace those at e, and that of the particles at e 
tends to cause them to displace those at g^ the latter 
are by the earth's gravitation (being released from 
the immediate action of the centrifugal force) drawn 
back towards/, and thus supply the sinking motion 
from / to N. 

A constant circulation in the directon e^/^ne 
is thus established with the ocean in equilibiiuin. 

3. Also, because, being less firmly held by the 
earth's gravitation, the particles in the line/t/ are 
more free to flow towards the equator under the 
action of the centrifugal force, than those in the line 
N y ; therefore, there is a tendency to a circulation in 
the direction y i^ f u g e y. 

But, as the excess of this horizontal force, tending 
to cause a circulation with an upward motion about 
the poles, is greatest in the polar regions, and 
decreases gradually towards the equator, where it 
ceases to act ; and the excess of the vertical force 
previously described as tending to cause a circulation 
with an upward motion about the equator, is greatest 
in the equatorial regions, and decreases gradually 
towards the pole, where it ceases to act ; therefore 
the sinking motion must be in an intermediate latitude 
with a circulation in the direction u y n fu in the 
polar regions, and in the direction u y e g u in the 
equatorial regions. 

4. Also, because the retarding and centrifugal 
force of astral gravitation, being as the square of the 
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velocity of rotation, is greater along the equator W.E. 
than along the parallel o y, the ratio which the 
earth's force, drawing downwards and eastwards, bears 
to the astral force drawing upwards and westwards, 
is greater along the parallel o y than along the 
equator W.E. ; therefore there is a circulation across 
the meridian a r eastwards, as well as downwards, 
along the parallel o'y^ and westwards, as well as 
upwards, along the equator E.W. 

And the eastward motion across the meridian is 
in latitudes intermediate between the equatorial and 
the polar regions, and not in the highest polar regions, 
because in the vicinity of N. (Fig. 20 in Proposition X.) 
the revolving forces acting from v and o neutralise 
each other (as shown by Proposition X.) leaving the 
retarding force little resisted by the direct action of 
the revolving force ; but farther from the pole, as 
at ^, Fig. 20, the normal eastward velocity is increased 
by the excess of force acting from o and E over that 
acting from v and W. Therefore, whilst the water 
lags westwards in the equatorial and in the polar 
regions imder the retarding action of the astral force, 
it is carried eastwards through the temperate zones 
by the relative excess of the revolving action of the 
terrestrial force. 

5. Also, let T, in Fig. 23, be a point on the 45th 
parallel, and let o^ the source of the revolving 
force, in the equatorial radius c E be so placed that 
o T be to E as 1*2 is to 1. The revolving force at 
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EiH to the same at T as 1*72 is to 1 (being inversely 
as the cube of the distance). And the resulting 
velocities, being as the square roots of the respective 
forces, would beasl-312istol, making the velocity 
at T -76 of the velocity at e. But the length of the 
parallel at t is only '71 of the length of that at e on 
the ec|uator ; and therefore a revolving force acting 




from o, sufficient to give the water at e the equatorial 
velocity, would give to the water at t a greater 
velocity than that of the surface of the earth at t. 

6. Or, since the velocity of motion at the equator 
is 1,000 miles an hour, and on the 45th parallel 710 
miles an hour ; and since the retarding oction of 
astral gravitation is as the square of the velocity ; 
therefoi*e the relative retarding action is — 



At the Equator 
On the 45 th parallel 



1,000,000 
504,100 



Hut, as shown in the foregoing section, the relative 
revolving force in the same positions is as 1'72 is to 1, 
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and therefore the revolving force being at the equator 
1,000,000, it is on the 45th parallel 581,000. 

There is therefore a relative excess of revolving 
action on the 45th parallel ; for the normal amount 
of retardmg force on the 45 th parallel is '504, and the 
revolving force '581 of the same forces respectively 
on the equator if the source of the revolving force be 
as given in the foregoing section. 



PEOPOSITION XXVIII. 

Theorem. — If any force inherent in a planet, or any 
extraneous force continuously acting on it, tended 
to give it a faster motion in its orbit than that 
imparted by the revolving force of the sun's 
gravitation, that planet could not remain in the 
solar system. 

Data, — Proposition XXV. 

Proof. — Because, however slight the increase of 
velocity, the equilibrium in the orbit is destroyed by 
the centrifugal force increasing as the square of the 
velocity : and as the planet, whilst increasing the 
velocity of its onward motion, recedes from the 
centre under the action of the opposing force, the 
opposing forces become more and more unequal ; for 
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the motive force, being independent of the sun, does 
not decrease as the distance from it increases ; whereas 
the power of the sun's gravitation to retain the planet 
does constantly decrease : therefore a planet acted on 
by such a force could not be retained within the solar 
system. 



PEOPOSITION XXIX. 

Theorem. — Objects lying loosely on the surface of a 
rotating sphere, of which the direct force of 
gravitation is greater than the revolving force, 
will rest upon it, but at the same time have 
relative motions along the surface. 

Because the objects would be held to the surface 
by the direct force of gravitation ; but on the surface, 
if free to move, vis-inertiae would determine their 
positions between the conflicting forces of astral 
gravitation and the revolving force of gravitation 
(Proposition VII.), and so give them a relative 
motion along the surface. 

Note, — Bricks, even loosely piled, are too firmly 
held by the direct force of the earth's gravitation to 
be sufficiently free to move ; but the drops of water 
superimposed on each other in the ocean are inces- 
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santly exchanging their positions as the ratio of the 
conflicting forces varies at different depths or in 
different parts of the ocean. 



PEOPOSITION XXX. 

Theorem. — -If the revolving force of a sphere be greater 
than its direct force, nothing can rest loosely on 
its surface. 

Because the centrifugal force of astral gravita- 
tion is equal to the revolving force (Proposition 
VIII.) ; 

Therefore objects placed on the surface are carried 
from it by astral gravitation sufficiently far to bring 
this into equilibrium with the direct force (Propo- 
sition XXV.) 



PEOPOSITION XXXI. 

Theoi^em. — The revolving force of the earth's gravita- 
tion, and the force of astral gravitation which 
resists the direct force of the earth's gravitation 
in the absence of any revolving force, are together 
less than the direct force of the earth's gravitation 
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at all points within a distance from the earth's 
surface at least as great as the limits of the atmo- 
sphere. 

Because objects within at least those limits are 
drawn to the earth's surface by the force of gravita- 
tion ; therefore the force drawing towards the earth 
is greater than that drawing from it : 

But the force drawing from the earth is the 
normal force which opposes the direct force of the 
earth's gravitation increased by that which opposes 
the motion caused by the revolving force : 

Therefore these two are together less than the 
direct force. 

But the force drawing from the earth in conse- 
quence of the action of the revolving force is equal 
to the revolving force : 

Therefore the sun's revolving force and the 
normal force of astral gravitation are, within those 
limits, less than the direct force of the earth's gravi- 
tation. 



PEOPOSITION XXXII. 

Theorem. — At some certain distance from the earth 
the direct force of its gravitation must be brought 
into a state of equilibrium as regards the combined 
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action of the forces of astral gravitation mentioned 
in the foregoing Proposition. 

Because vis-inertiae is the gravitation of the 
universe, of which the sun's direct force of gravita- 
tion is a part and astral gravitation the remainder ; 

Therefore the decrease of the solar force is the 
increase of the astral force ; and therefore at some 
greater or lesser distance from the sud the opposing 
forces are equal. ^ 

* We have said that, setting aside planetary influences, the 
earth in its orbit round the sun is held between the opposing forces 
of astral and solar gravitation. But, in fact, the astral gravitation 
which at any given point of the earth's orbit is acting in opposition 
to the sun, is at the opposite point of the orbit acting in conjunction 
with the sun, its force being there diminished in the inverse 
proportion to that in which the square of the distance at which 
it is acting is increased. Therefore, the asti*al gravitation acting 
in opposition to solar gravitation, is at any point of the earth's 
orbit equal to the force of solar gravitation, together with the 
force of astral gravitation which, by acting across the orbit of the 
earth, acts in conjunction with the sun. From which it follows, 
that the force of solar gravitation is equal to the amount by which 
the force of astral gravitation is diminished by the increase of its 
distance in acting across the orbit of the earth. Now, if we take 
into consideration only the mean distance of that part of the 
universe which the telescope has revealed to us — even taking that 
distance as the mean distance from which astral gravitation acts 
upon the solar system — even then, the difference in the force 
acting in the same direction at two opposite points of the earth's 
orbit causes an inexpressibly slight difference in the relation of 
those forces to each other: and since this difference is equal to 
the power of solar gravitation, this latter in, therefore, when 
compared with that of astral gravitation, insignificant beyond the 
power of mathematical expression. The comparison is as that of 
day with the entire duration of time, or as that of a mile with the 
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would there form in the space beyond them a fresh 
accession of gravitation acting towards the earth. 

But by the decrease of this direct force and con- 
comitant increase of the astral force, the opposing 
forces must again at some greater distance be brought 
into equilibrium. 

The second normal line of equilibrium would be 
disturbed in the same manner as the first by the 
revolving force ; and bodies in it would be carried 
farther from the earth by the astral force, until by 
the force drawing towards the earth decreasing as 
the square, and the revolving force decreasing as the 
cube of the distance increased (as shown in Propo- 
sition XXXII. of the first line of equilibrium), the 
equilibrium of the opposing forces would be restored. 

Thus an indefinite number of successive lines of 
equilibrium might be formed at diflFerent distances 
from the earth. 



PEOPOSmON XXXIV. 

Theorem. — The distance within which the revolving 
force of the earth's gravitation will be efiective in 
causing surrounding bodies in space to revolve 
around the earth depends on the proximity and 
relative power of other revolving forces. 

Because it is evident that, in the absence of any 
other revolving force, that of the earth would extend 
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The distance at which they ai'e equal forms the 
normal line of the equilibrium of vis-inertiae. 

This normal line of equilibrium is destroyed by 
the force of astral gravitation which opposes the 
sun's revolving force (Proposition XXV.) 

But as this force of astral gi'avitation decreases 
inversely as the cube of the distance from the sun 
(Proposition XXV.) ; 

Whilst the direct force of the sun's gravitation 
decreases inversely as the square ; 

Therefore the line of equilibrium will be reached 
at some greater distance from the sun, as already 
shown in Proposition XXV. 



PEOPOSITION XXXIII. 

Theorem, — An indefinite number of successive lines 
of equilibrium separated by spaces, in which the 
forces of gravitation drawing towards and from 
the earth are unequal, might be formed in the 
same manner as that shown in the preceding 
Proposition. 

Because bodies in the first line of equilibrium 

entire extension of space. And yet to us these comparatively 
infinitesimal portions of power, of time, and of space are equally 
all-important. — The Elements : Longmans, Green & Co, London, 
1866, vol. i. p. 89. 



Chap. XXI.] THE HEAVENS. 269 

would there form in the space beyond them a fresh 
accession of gravitation acting towards the earth. 

But by the decrease of this direct force and con- 
comitant increase of the astral force, the opposing 
forces must again at some greater distance be brought 
into equilibrium. 

The second normal line of equilibrium would be 
disturbed in the same manner as the first by the 
revolving force ; and bodies in it would be carried 
farther from the earth by the astral force, untU by 
the force drawing towards the earth decreasing as 
the square, and the revolving force decreasing as the 
cube of the distance increased (as shown in Propo- 
sition XXXII. of the first line of equilibrium), the 
equilibrium of the opposing forces would be restored. 

Thus an indefinite number of successive lines of 
equilibrium might be formed at dififerent distances 
from the earth. 



PEOPOSmON XXXIV. 

Theorem. — The distance within which the revolving 
force of the earth's gravitation will be efiective in 
causing surrounding bodies in space to revolve 
around the earth depends on the proximity and 
relative power of other revolving forces. 

Because it is evident that, in the absence of any 
other revolving force, that of the earth would extend 
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the successive lines of equilibrium (Proposition 
XXV.), and would revolve all surrounding bodies 
with a force inversely as the cube of the distance from 
the earth (Proposition IV.) ; 

Therefore, unless overwhelmed by the action of 
revolving forces acting from other centres of rotation, 
that of the earth would revolve the universe with the 
earth's rotation. 

Corollary, — Therefore the revolving force of the 
earth's gravitation is constantly endeavouring to re- 
volve the sun in the opposite direction to that in 
which the earth actually is revolved round the sun ; ^ 
but because the sun's revolving force is greater than 
that of the earth, therefore the earth is revolved 
round the sun. So also the sun revolves all the 
planets, because there is no greater force sufficiently 
near to overwhelm its action. 

The solar system extends as far as its revolving 
force is greater than that proceeding from any other 
centre of rotation, and within which all bodies, being 
under its dominion, are revolved with it as planets. 

The planetary systems extend to the limits within 
which any one of their revolving forces is greater 
than that of any of the other planets. Within those 
limits it revolves surrounding planets, whilst it and 
they are together revolved by the greater force of 
the sun's rotation. 

* See the Chapter on the Secular Acceleration of the Moon's 
Motion in Tlie Nev) Principles of Natural Philosophy. 
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PEOPOSITION XXXV. 

Problem, — To determine the motion of a body in space 
under the action of revolving forces proceeding 
from diflferent centres of rotation. 

1 . If a body in space be acted on equally by equal 
forces proceeding from two different centres of rota- 
tion, and tending to carry it in the same direction, it 
is evident that as it proceeds, and the directions of 
rotation diverge, it must take an intermediate course 
between the two, and therefore be equally carried 
away from both centres of rotation. 

As it recedes it must, at some point equidistant 
from both centres, be brought into equilibrium as 
regards the centripetal and centrifugal forces : be- 
cause it is carried off from both centres in conse- 
quence of the force of astral gravitation acting from 
them increasing as the square of the velocity (Propo- 
sition VIII.) is increased by the combined action ot 
the two revolving forces ; but, whilst carried off 
along a line forming a tangent to both of the orbits, 
the centripetal forces decrease as the square of the 
distance increases, whilst the centrifugal forces of 
astral gravitation which carry it off along that tan- 
gent (because in it they equally retard it from the 
positions on each side to which the revolving forces 
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tend to carry it) decrease as the cube of the distance 
increases (Proposition IV.) ; so that it must, sooner 
or later, be brought to rest between the conflicting 
forces. 

But, if a third revolving force exist, the equi- 
librium must be destroyed ; because, whilst receding 
along the tangent, the body must be inclined by that 
third force towards the direction of one or other of 
the equal forces, and thus be caused to revolve with 
one or other of those centres of rotation. 

2. If the equal action of the equal forces alluded 
to in Section 1 be in opposite directions, then the 
body under their action can neither advance nor 
recede, for the forces of astral gravitation, as well as 
the direct forces, neutralise each other. 

But the action of a third force must incline the 
body towards one or other of the two equal forces ; 
and by that force it will then be revolved, increasing 
unequally its distance from both centres as the 
velocity of its motion is increased by the gradually 
decreasing opposition of the revolving forces. 

3. Let us now suppose the revolving forces of 
Section 1 to be unequal, then the body lying between 
the two centres of rotation tending to carry it in the 
same direction is accelerated, and thus carried farther 
from both centres, until, as it inclines more and more 
in the direction of the primary force, the conjoint 
action ceases and becomes opposing ; and then, as the 
motion becomes retarded, it approaches its centre of 
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rotation until checked by the acceleration resulting 
from this approach. 

4. And if the revolving forces of Section 2 be 
unequal, then the body lying between the two tend- 
ing to carry it in opposite directions is retarded. 
But, as it is carried onwards with the course of the 
rotation of its primary, the revolving forces are in 
less and less direct opposition, and the motion be- 
coming accelerated, the body recedes from both 
centres until the normal velocity and normal distance 
from both centres is arrived at, as one revolving force 
acts directly across the other. 

There a conjoint action of the forces commences, 
causing acceleration, and consequently continued re- 
cession from both centres until the forces act com- 
pletely in conjunction. 

As it advances from that point the direct conjunc- 
tion of the forces ceases, and the motiori becomes 
gradually retarded, letting the body fall towards both 
centres until the normal velocity and distance from 
both centres is again attained, as the revolving forces 
act at right angles to each other. 

There the opposition of the forces recommences. 
The retardation of the motion is increased, and the 
body consequently continues to approach both centres 
until the revolving forces are completely in opposition. 

Then, as direct opposition gradually ceases, ac- 
celeration and recession from both centres recom- 
mence. 
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Thus, since the sun and earth rotate in the same 
direction, as also do the revolving forces under con- 
sideration in this section, therefore, according to the 
foregoing, if the planes of their rotation coincided, 
the radius of the moon's orbit round the earth point- 
ing towards the sun would be shortened, and that 
pointing in the opposite direction lengthened, so that 
the line of the apsides would always point through 
the earth and sun ; because its position, lying from 
the point at which the revolving forces are in con- 
junction to that in which they are in opposition, 
would lead it through those bodies. 

5. But, the planes of rotation being inclined, the 
sun's revolving force tends to throw the moon out of 
the plane of the earth's rotation, and, as it leaves 
that plane, the earth's revolving force decreases, allow- 
ing the moon to fall towards the earth. This action 
is reciprocal, and might attain its maximum in any 
part of the orbit, being dependent on the changing 
of the inclination. 

Thus, instead of the moon's apogee and aphelion 
coinciding and occurring when the moon was at its 
greatest distance outside the orbit of the earth, as 
would be the case if the revolving forces acted in the 
same plane, they become dependent on the changing 
of the intersection of the planes of rotation. By the 
disturbing action of the changing inclination of these 
planes, the perigee and perihelion might both be 
thrown outside the orbit of the earth ; or the perigee 
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and aphelion might occur together outside ; or the 
points of perigee and perihelion might be for ever 
changing their relative positions. 

6. Throughout these problems we have dealt 
with the motions caused by the revolving forces and 
controlled by the forces of astral gravitation brought 
into action by the motions : but in those motions the 
heavenly bodies are held in equilibrium between the 
forces of astral gravitation and the direct forces 
of the gravitation of the bodies round which they 
are revolved ; therefore the study of gravitation, as 
followed by Newton and subsequent astronomers, 
must show its action to harmonise with the motions 
caused by the revolving forces. 

But as the laws of vis-inertia? have indicated the 
cause of the motions which have been the objects of 
study, it is evident that the science of astronomy 
must be simplified and more easily extended by the 
use of this new power of reasoning from cause to 
effect than by the former process of demonstrating 
the necessary connection of concomitant effects, pro- 
ceeding from an unknown cause.^ 

But, as regards the revolution of the apsides, one 
part of the force which determines it will probably 
have to be ascertained, by analogy, from its effects. 

^ The paper on the Secular Acceleration of the Moon's Motion 
which forms Chapter XIII. of Hie New Principles of Natural 
Philosophy J is an extension of the argument of these Propositions, 
and forms a practical corroboration of the above remarks. 

T 2 
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Because the earth's perihelion has a motion of 
revolution similar to that of the moon's perigee ; and 
therefore the argiunents of this Proposition indicate 
the existence of a central force of rotation, bearing 
the same relation to the sun and earth as the sun 
does to the earth and moon. 

The action of this force on the motion of the 
moon's perigee will be less than on that of the earth's 
perihelion, in proportion as the diameter of the moon's 
orbit about the earth is less than that of the earth 
about the sxm. For its effect depends on the differ- 
ence in the force of its action in opposite parts of 
the orbit. 



PEOPOSITION XXXVI. 

Problem. — To apply Propositions XXXIV. and 
XXXV. to the disturbing action of the earth 



on the moon's orbital motion round the sun. h 



1 



The earth's revolving force accelerates the orbital 
motion of the moon roxmd the sun when the moon is 
outside the earth's orbit ; the force of astral gravita- \\ 
tion, drawing it from its orbit, then increases as the 
square of the increase of the velocity of the motion, 
and carries it farther and farther from the sun, until » 
the decrease in the revolving force of the latter, and 
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the changing of the conjoint action of the disturbing 
force, reduce the velocity ; and then the reduction 
of the astral force allows the moon to fall inwards 
towards the sun : and this falling towards the sun 
continues as the motion is retarded by the opposing 
action of the earth's force when the moon passes in- 
side the earth's orbit, until the increase of the sun's 
revolving force and the changing of the earth's action 
from direct to less and less complete opposition cause 
a gradual acceleration of the motion, and a conse- 
quent increase of the astral force, which again draws 
it outwards from the sun. 

Thus, in consequence of the action of an ex- 
traneous force alternately accelerating and retarding 
the moon's motion in its orbit round the sun, the 
alternate increase and decrease of the retarding force 
of astral gravitation carries the moon alternately 
inside and outside the normal line of its orbit. 



PROPOSITION XXXVII. 

Problem. — To apply Propositions XXXIV. and 
XXXV. to the motion of the satellites of Neptune 
round the sun. 

In respect to the sun's rotation the satellites 
of Neptune revolve in the opposite direction round 
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Neptune to that in which the moon is revolved round 
the earth, from which it is to be inferred that Neptune 
rotates in that direction. 

Therefore the acceleration caused by the disturb- 
ing force occurs when the satellite is inside the 
normal line of its orbit, and retardation when it is 
outside, so that, though the path described backwards 
and forwards across the normal line of the orbit wiQ 
be similar to that described by the moon, the relative 
velocities of the motion at different distances from 
the sun will be reversed. 

And, besides this, the action of the retardation of 
the moon's motion tending to bring it nearer to both 
of the centres of rotation, might be accomplished 
without any increase in the inclination of the planes 
of rotation. 

But the acceleration of Neptune's satellite causing 
an increase of distance from both centres of rotation, 
could not be accomplished, whUst Neptune remained 
at the same distance from the sun, without throwing 
the satellite out of the plane in which Neptune and 
the sun rotate. 



Chap. XXI.] THE HEAVENS. 279 



PEOPOSITION XXXVIII. 

Problem. — To determine the interaction of revolving 
forces. 

1. Two equal forces revolving in the same direc- 
tion, in the same plane, will mutually revolve each 
other ; so that they will both revolve in an orbit 
whose diameter will be the radius of either of the 
orbits in which one endeavours to revolve the other. 

2. If two equal forces revolve in planes at right 
angles to each other, the one whose axis lies in the 
plane of the rotation of the other will be revolved by 
the latter. 

3. If two equal forces revolve in opposite direc- 
tions in the same plane they cannot revolve each 
other, unless the equilibrium of their forces be dis- 
turbed by the action of some extraneous force. 

4. Let each of the foregoing couples be revolved 
by the action of a greater central force of rotation. 

And let this central force rotate in the same plane 
and in the same direction as the bodies in Section I. 

Then, when these latter are equidistant from the 
central force, they are equally acted on by it, and 
therefore remain at their normal distance from each 
other. 

But, as they advance in their orbital motions 
round each other, the one approaches and the other 
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recedes from the central force. And as the revolving 
force of the inner one accelerates the motion of the 
outer one roimd the central force, the centrifugal 
force of astral gravitation, increasing as the square of 
the velocity, carries the outer one farther from the 
common centre ; whilst at the same time the revolving 
force of the outer body retards the motion of the 
inner one round the common centre, and the conse- 
quent decrease of the centrifugal force of astral 
gravitation therefore lets it fall nearer to the common 
centre. 

Thus, as the two bodies revolve round the central 
force, the revolution round each other is performed 
in an elliptical, instead of the circular orbit which 
their own undisturbed action would cause. 

5. Then, as regards the action of this central 
force on the bodies in Section 2. In this case the 
body whose axis lies in the plane of rotation may 
for the present be regarded as having no axial rota- 
tion, as we consider the one which revolves it to 
revolve in the same plane as the central body. 

In this case the action would be the same as in 
Section 4, except that, as there is no reciprocal revolv- 
ing action between the two lesser bodies, the changing 
of the form of the orbit is not the same when the 
revolving body is inside as when it is outside the 
greater orbit ; and therefore the orbit of the non- 
rotating body round its primary, instead of being a 
true ellipse, is wider when the non-rotating body is 
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farther than its primary from the central force : be- 
cause there is then a conjoint action of the revolving 
forces, as shown in Proposition XXXVI., Section 4, 
concerning the revolving action of the sun and earth 
upon the moon. 

If the two motions of rotation were in opposite 
directions, then the conjoint action on the non-rotat- 
ing body would occur when the latter was nearer 
than its primary to the central force, making the 
distortion of the ellipse the reverse of that resulting 
from the foregoing conditions. 

6. As regards the action of the central force on 
the bodies in Section 3, supposing it to revolve in 
the same plane as they ; then, if they be equidistant 
from the centre they would simply be swept round 
in the same orbit. 

But, if the action of any extraneous force (such 
as a force causing an ellipticity of their orbit) prevent 
them from being equidistant, then, in their eflforts at 
mutual revolution, the one nearer the common centre 
will be more retarded than the one more remote, and 
therefore the latter will have a motion onwards in its 
orbit round the former which will at the same time 
have a faster motion than it round the common 
centre. 

Thus, whilst carried round the central force, they 
would be revolved about each other by the alternate 
preponderance of their revolving action. 
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ABBOTT. — The Elements of 
Logic, By T, K. Abbott, B.D. i2mo. 
2s, 6d, sewed, or y, cloth. 

ACTON. — Modern Cookery for 

Privatb Families^ reduced to a System 
of Easy Practice in a Series of carefully 
tested Receipts. By Eliza Acton. 
WiUi upwards of 150 Woodcuts. Fcp. 
8vo. 4J. 6d, 

JESCHYLUS.— ^iV^ EuMENiDEs of 

jEschylus: a Critical Edition, with 
Metrical English Translation. By John 

F. Davies, M.A. Univ. Dub. Lit. D. 
Q.U.I. F.R.U.I. Professor of Latin in 
the Queen's College, Galway. 8vo. is, 

A. K. H. B. — The Essays and Con- 
tributions OF A, JC, If, i^.— Uniform 
Cabinet Editions in crown 8vo. 

Autumn Holidays of a Country Parson, y.6d. 

Changed Aspects of Unchanged Truths, 
3J. 6d, 

Commonplace Philosopher, 3^. 6d, 

Counsel and Comfort from a City Pulpit, 
3^. 6d, 

Critical Essays of a Country Parson, 3^. 6d, 

Graver Thoughts of a Country Parson. 
Three Series, 3^. 6d, each. 

Landscapes, Churches, and Moralities, 
3J. 6d, 

Leisure Hours in Town, 3^. 6d, 

Lessons of Middle Age, 3^. 6d, 

Our Little Life. Two Series, 3^. 6d, each. 

Present Day Thoughts, 3^. 6d, 

Recreations of a Country Parson. Three 
Series, 3^. 6d, each. 

Seaside Musings, 3^. 6d, 

Sunday Afternoons in the Parish Church of 
a University City, 3^. 6d, 

ALDRID6E. — Ranch Notes in 
Kansas, Colorado^ thb Indian 
Territory and Northern Texas, 
By Reginald ALDRiDGEi Crown 8vo. 
with 4 Illustrations engraved on Wood by 

G. Pearson, 55. 



ALLEN. — Flowers and their Pedi- 
GRBBS, By Grant Allen. With 50 
Illustrations engraved on Wood, Crown 
8vo. 7^. 6d, 

ALPINE CLUB (JhQ).— Guides and 
Maps, 

The Alpine Guide, By John 

Ball, M.R.LA. Post 8vo. with Maps 
and other Illustrations : — 

The Eastern Alps, ios, 6d. 
Central Alps, including all the 

Oberland District, 7^. 6d, 

Western Alps, including Mont 

Blanc, Monte Rosa, 2^rmatt, &Ck ts, 6d, 

The Alpine Cl ub Map of Switzer- 

LANDy on the Scale of Four Miles to 
an Inch. Edited by R. C. NiCHOLSi 
F.R.G.S. 4 Sheete in Portfolio, 42J. 
coloured, or 34J. uncoloured. 

Enlarged Alpine Club Map op 
THE Swiss and Italian Alps, on the 
Scale of Three English Statute Miles to 
One Inch, in 8 Sheets, price is, 6d, each. 

On Alpine Travelling and the 
Geology of the Alps. Price is. 
Either of the Three Volumes or Parts bf 
the < Alpine Guide * may be had with this 
Introduction prefixed, i^. extra. 

AMOS. — Works by Sheldon Amos, 

M,A, 

A Primer of the English CoN' 
stitution and Govbrnmbnt, Crown 
8vo. 6s, 

A Systematic View of thb 
Science of Jurisprudencb, 8vo. i8f. 

Fifty Years of the English 
Constitution, i83(>-i88a Crown 8to. 
far. 6d, 
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ANSTEY. — 73^^ Plack Poodle, and 

other Stories. By F. Anstey, Author of 
•Vice Versa.' With Frontispiece by G. 
Du Maurier and Initial Letters by the 
Author. Crown 8vo. 6j. 

ANTINOUS. — An Historical Romance 

of the Roman Empire. By George 
Taylor (Professor Hausrath). Trans- 
lated from the German by J. D. M. 
Crown 8vo. 6j. 

AMSTOPHANES. — The Achar- 

NiANS OF Aristophanbs, Translated 
into English Verse by Robert Yelver- 
TON Tyrrell, M.A. Dublin, Crown 
8vo. 2s, 6d, 

ARISTOTLE.— ^iV^ Works of. 
The Politics, G. Bekker's Greek 

Text of Books L III. IV. (VII.) with 
an English Translation by W. E. 
BoLLAND, M.A. ; and short Introductory 
Essays by A. Lang, M. A, Crown 8vo. 

The Ethics; Greek Text, illustrated 
with Essays and Notes. By Sir Alexan- 
der Grant, Bart. M.A. LL.D. 2 vols. 
8vo. 32J. 

The Nicomachean Ethics, Newly 

Translated into English. By Robert 
Williams, Barrister-at-Law. Crown 
8vo. 7^. 6</. 

ARNOLD. — Works by Thomas 

Arnold, D,D, Late Head'tnaster of 
Rugby School, 

Introductory Lectures on Mo- 
dern History, delivered in 184 1 and 
1842. 8vo. 7J. 6d, 

Sermons Preached mostly in 
thb Chapel of Rugby School. 6 
vols, crown 8vo. 3ar. or separately, $$. 
each. 

Miscellaneous Works. Svo. is. 6d. 

ARNOLD. — Works by Thomas 

Arnold, M.A. 
A Manual of English Litera* 

tube, Historical and Critical. By 
Thomas Arnold, M.A. Crown 8vo. 
^s. 6d. 

English Poetry and Prose: a 

Collection of Illustrative Passages from 
the Writings of English Authors, from 
the Anglo-Saxon Period to the Present 
Time. Crown 8vo. 6s. 

ARNOTT. — The Elements of Phy- 
sics or Natural Philosophy. By 
NeilArnott, M.D. Edited by A. Bain, 
LL.D. and A. S. Taylor, M.D. F.R.S, 
Woodcuts. Crown 8vo, 12s, 6d. 



ASHBY. — Notes on Physiology 
2- or the Use of Students Preparing 
for Examination. With 120 Wood- 
cuts. By Henry Ashby, M.D. Lond., 
Physician to the General Hospital for Sick 
Children, Manchester. Fcp. 8vo. 55. 

AYKE^-^The Treasury of Bible 

Knowledge ; being a Dictionary of the 
Books, Persons, Places, Events, and other 
matters of which mention is made in 
Holy Scripture. By the Rev. J. AyrE, 
M.A. With 5 Maps, 15 Plates, and 300 
Woodcuts. Fcp. 8vo. dr. 

BACON. — The Works and Life of. 
Complete Works. Collected and 

Edited by R. L. Ellis, M.A . J. 
Spedding, M.A. and D. D. Heath. 
7 vols. 8yo. £^. 13J. (id. 

Letters and Life, including all 
HIS Occasional Works. Collected 
and Edited, with a Commentary, by J. 
Spedding. 7 vols. 8vo. £^ 4s. 

The Essays; with Annotations. 
By Richard Whately, D.D., sometime 
Archbishop of Dublin. 8vo. los. 6d, 

The Essays; with Introduction, 
Notes, and Index. By E. A. Abbott, 
D.D. 2 vols. fcp. 8vo. price dr. The 
Text and Index only, without Intro- 
duction and Notes, in i vol. fcp. 8vo. 
price 2s. 6d. 

The Essays; with Critical and 
Illustrative Notes, and other Aids *for 
Students. By the Rev. John Hunter, 
M.A. Crown 8vo. y. 6d. 

The Promus of Formularies and 

Elegancies, illustrated by Passages from 
Shakespeare. By Mrs. H. Pott. 
Preface by E. A. Abbott, D.D. 8vo. 
its. 

^kGESOT. — Works by Walter 
Bagehot^ M.A. 

Biographical Studies. Svo. i2J. 

Economic Studies. Svo. 10s. 6d. 

Literary Studies. 2 vols. Svo. 

Portrait. 2Ss. 

BAILEY.— PRSTUS, A Poem. By 
Philip James Bailey. Crown 8vo. 

12S. 6d. 



BAKER. — Works by Sir Samuel 
W. Baker, M.A. 

Eight Years in Ceylon. Crown 

8vo. Woodcuts. 5j. 

The Rifle and the Hound in 
Ceylon. Crown 8vo, Woodcuts. $s. 
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BAIN. — Works by Alexander 
Bain^ LL.D, 

Mental and Moral Science; a 

Compendium of Psychology and Ethics. 
Crown 8vo. iQr. 6d^ 

The Senses and the Intellect, 
8vo. 15J. 

The Emotions and the Will, 

8vo. 1 5 J. 

Practical Essays. Crown 8vo. 

Zijc/c, Deductive and Inductive, 
Part I, Deductum^ 41. Part II. /«• 

James Mill; a Biography. Crown 
8vo. 5j. 

yb^iv Stuart Mill; a Criticism, 
with Personal Recollections. Crown 
8vo. 2s, 6d. 

*^* For other works, see p. 25. 

BEACONSFIELD.— W^jfA-s^ ^r r/fjs: 
Earl of Beaconsfield^ K.G, 

Novels and Tales, The Hugh- 

enden Edition. With 2 Portraits and 11 
Vignettes, 1 1 vols. Crown 8vo. 42J. 

Endymion. 
Lothair. Henrietta Temple. 



Coningsby. 
Sybil. 
Tancred. 
Venetia. 



Contarini Fleming, &c. 
Alroy, Ixion, &c. 
The Young Duke, &c. 
Vivian Grey, &c. 

Novels and Tales, Modern No- 
velist's Library Edition, complete in ii 
vols. Crown 8vo. 2zr. boards, or27j. 6^. 
cloth. 

Selected Speeches, With Intro- 
duction and Notes, by T. E. Kebbel, 
M,A. 2 vols. 8vo. Portrait, 32J. 

The Wit and Wisdom of Ben- 

yAMIN DiSRABLTj EaRL OF BEACONS- 

FIELD, Crown 8vol 3J, 6d, 

The Be a consfield Bir thda y- 

book: Selected from the Writings and 
Speeches of the Right Hon. the Earl of 
Beaconsfield, K.G. With 2 Portraits and 
II Views of Hughenden Manor and its 
Surroundings. i8mo. 2s, 6d, cloth, gilt ; 
4r. 6d, bound. 

BECKER. — Works by Professor 

Becker, translated from the German by 
the Rev, F, Metcalf, 

Gallus ; or, Roman Scenes in the 
Time of Augustus. Post 8vo. 7/, 6d. 

Charicles ; or, Illustrations of the 
VnvdXe, Life of the Ancient Greeks. 
Tost 8vo. *js, 6d, 



BEHT.— 'The Cyclades ; or, Life 

among the Insular Greeks. By J. Theo- 
dore Bent, B.A. Oxon; with Map. 
Crown 8vo. 12s, 6d, 

BLACKLEY & FRIEDLANDEIL— ^ 

Practical Dictionary of the Gbr* 
man and Engusu Languages: By 
the Rev. W. L. Blackley, M.A. and 

C. M. F&IEDLANDBR, Ph.D. Post 8vO. 

3J. 6d, 

BOULTBEE.— Works by the Rev. 

T, P. BoULTBEEy LL,D, 

A Commentary on the 39 Arti* 

CLBS of the Church of England. Crown 
8vo. dr. 
A HiSTOR Y OF THE ChURCH. OF ENG- 
LAND; Pre-Reformation Period. 8vo. 
15J. 

BOURNE. — Works by John 

Bourne^ C.E, 
A Treatise ON the Steam Engine^ 

in its application to Mines, Mills, Steam 
Navigation, Railways, and Agriculture. 
With 37 Plates and 546 Woodcuts. 4to, 
42J. 

Catechism of the Steam Engine^ 
in its various Applications to Mines, Mills, 
Steam Navigation, Railways,, and. Agri- 
culture. With 89 Woodcuts. CrowB 8vo. 
^s, 6d, 

Handbook of the Steam Engine; 

a Key to the Author's Catechism of the 
Steam Engine. With 67 Woodcuts. Fcp. 
8vo. gs. 

Recent Improvements in the 

Steam Engine. Witii 124 Woodcuts. 

Fcp. 8vo. 6s, 
Examples of Steam and Gas 

Engines, with 54 Plates and 356 Wpod- 

cuts. 4to. 70s. 

BRAMSTON & LEROY. —IfisTORic 

Winchester; England's First Capital. 
By A. R. Bramston and A. C. LsROT. 
Cr. 8vo. 6s. 

BRANDE'S Dictionary OF Science, 
Literature, and Art, Re-edited by 
the Rev. Sir G. W. Cox, Bart., M.A. 
3 vols, medium 8vo. 63f. 

BRASSET. — Works by Lady 

Brassey, ■ ■'■ 

A Voyage in the ^ Sunbeam^ our 
Home on the Ocean for Eleven 
Months, By Lady Brassey. With 
Map and 65 Wood Engravings. Library 
Edition, 8vo. 21 J. Cabinet Edition, crown 
8vo. 7j. 6d, School Edition, fcp. 2s, 
Popular Edition, 4to. 6d, 

[ Continued on next page. 
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BRASSET. — Works by Lady 
BRASSJEY-^con^nMoA. 

Sunshine and Storm /n the East; 

or, Cruises to Cyprus and Constantinople. 
With 2 Maps and 114 Illustiations en- 
graved on Wood. Library Edition, 8vo. 
2 IX. Cabinet Edition, cr. 8vo. 7j. 6d, 

In the Trades^ the Tropics^ and 
THE * Roaring Forties* ; or, Fotirteen 
Thousand Miles in the Sunbeam in 1883. 
By Lady Brassey. With 292 Illustra- 
tions engraved on Wood from drawings by 
R. T. Pritchett, and Eight Maps and 
Charts l^dition de Luxe, imperial 8vo. 
£Z» IZ^» ^' Library Edition, 8vo. 2ij. 

BBAY. — Phases of Opinion and 
Experience during a Long Life: 
an Autobiography. By Charles Bray, 
Author of ' The Philosophy of Necessity ' 
&c. Crown 8vo. 3J. 6d, 

BROVTNE. — An Exposition of the 

39 Articles^ Historical and Doctrinal. 
By E. H. Browne, D.D., Bishop of 
Winchest^. 8vo. i6s» 

BUCKLE. — History of Civilisa- 
tion in England AND France^ Spain 
AND Scotland. By Henry Thomas 
Buckle.. 3 vols, crown 8vo. 24^. 

BUCKTON.— Works by Mrs. C. M. 

. BuCKTON 

Food and Home Cookery ; a Course 

of Instifuction in Practical Cookery and 
Cleaning. With. 1 1 Woodcuts. Crown 
8vo. 2r. 6</» 

Health in the House: Twenty- 
five Lectured on Elementary Physiology. 
With 41 Woodcuts and Diagrams. Crown 
8vo; 2r. 

OVR Dwellings : Healthy and Un- 
healthy. With 39 Illustrations. Crown 
8vo» 3j» 6^. 

BULL — Works by Thomas Bull^ 

M.D. 

Hints to Mothers on the Man- 

AGEMENT OF THEIR HEALTH during the 

Period of Pregnancy and in the Lying-in 
Room. Fcp. 8vo. \s, 6d, 

The Maternal Management of 
Children in Health and Disease. 
Fcp. 8vo. IS. 6d, 

CABINET LAWYER, The; a Popular 

Digest of the Laws of England, Civil, 
Criminal, and Constitutional* Fcp. 8vo. 
9J. 



CALVERT.— Zy^ WiF^s Manual J 

or Prayers, Thoughts, ^ytid Songs on 
Several Occasions of a Matron^ Lire. By 
the late W, Calvert, Minor Canon of 
St. Paul's. Crown 8vo. (^. 

CARLYLE. — Thomas and Jaue 
Welsh Carlyle. 
Thomas Carlyle^ a History of the 

first Forty Years of his Life, 1795-1835 
By J. A. Froude^ M.A. With 2 Por- 
traits and 4 Illustrations, 2 vols. 8vo. 32r. 

Thomas Carlyle^ a History of his 

Life in London : from 1834 to his death 
in 1881. By James A. Froude, M.A., 
with Portrait engrav^ on steel. 2 vols. 
8vo, 32J. 

Letters and Memorials of Jane 
Welsh Carlyle. Prepared for pulw 
lication by Thomas Carlyle, and edited 
by J. A. Froude, M.A. 3 vols. 8vo. 3&. 

CATESL — A Dictionary of 
General Biography. Fourth Edition, 
with Supplement brought down to the 
end of 1884. By W. L. R. Cates. 8vo^ 
28r. cloth ; 35^, half-bound mssia. 
The Supplement, 188 1-4, 25. 6d. 

ClSBSiSEY.— Waterloo Lectures ; 

a Study df the Campaign of 1815. By 
Col. C. C. Chesney, R.E. 8vo. igj. &/, 

CICERO. — The Correspondence of 

Cicero: a revised Text, with Notes and 
Prolegomena. — Yo\. I., * Iht Letfers to 
the end of Cicero's Exile. By Robert 
Y. Tyrrell, M.A., Fellow of Trinity 
College, Dublm, 1 2j. * 

COATS. — A Manual of PATifOLOGY. 
By Joseph Coats, M.D. Patholo^t 
to the Western Infirmary and the Sick 
Children's Hospital, Glasgow*. With 33^ 
Illustrations engraved on Wood. 8vo. 
31J. 6/. 

COLENSO.— ^TVi? Pentateuch and 
Book of Joshua Critically Ex- 
amined. By J. W. CoLENSCH D.D., 
late Bishop of Natal Crown 8vo. dr. 

CONDER.— -4 Handbook to t»e 

Bible, or Guide to the Study of the Holy 
Scriptures derived from Ancient Monu* 
ments and Modem Exploration. By F. 
R. CoNDER, and Lieut. C. R. Conder, 
R.E, Post 8vo. 7j. 6d, 

C0NIN6T0N. — Works by John 

CONINGTONj M.A. 

The ^neid of Virgil. Trans- 
lated into English Verse. Crown 8vo. 9^. 

The Poems of Virgil. Translated 

into English Prose. Crown 8vo. "^j. 
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CiWITMlBEAU.— ^(^^A-s Bv Pro^ 

FRSSOR L£ON CONTANSEAU. 

A Practical Dictionary of the 
French and English Languagbs. 
Post 8vo. 3^. td. 

A Pocket Dictionary op the 
French and English Laxguages; 
being a careful Abridgment of the Author's 
* Practical French and English Dictionary.' 
Square i8mo. ix. 6d, 

CONTBEARE & H0WS0N.-7V^ 

Life and Epistles of St. Pa c/l. 

By the Rev. W. J. Conybeare, M.A., 
and the Very Rev. J. S. HowsoN, D.D. 
Dean of Chester. 

Library Edition, with all the Original 
Illustrations, Maps, Landscapes on Steel, 
Woodcuts, &c 2 vols. 4to. 42s, 

Intermediate Edition, with a Selection of 
Maps, Plates, and Wood cuts. 2 vols, 
square crown 8vo. 2ls, 

Student's Edition, revised and condensed, 
with 46 Illustrations and Maps. I vol. 
crown Svo. 7s, 6d, 

COOKE. — Tablets of Anatomy. 
By Thomas Cooke, F.R.C.S. Eng. 
B.A. B.Sc. M.D. Paris, Senior Assistant 
Surgeon to the Westminster Hospital, and 
Lecturer at the School of Anatomy, 
Physiology, and Surgery. Being a S3mop- 
sis of Demonstrations given in the West- 
minster Hospital Medical School in the 
years 1871-75. Fourth Edition, being a 
selection of the Tablets believed to be 
most useful to Students generally. Post 
4to. 7^. 6d, 

COX. — Works by the Rev. Sir 
G. W. Cox, Bart., M.A. 

A General History of Greece: 

from the Earliest Period to the Death of 
Alexander the Great ; with a Sketch of 
the Subsequent History to the Present 
Time. With 1 1 Maps and Plans. Crown 
8vo. 7j, 6^. 

Lives of Greek Statesmen. 
SolonThemistoclbs. Fcp. 8vo. 2s.6d. 

CRAWFORD.— /^ciec^^^ the Pampas 
AND THE Andes, By Robert Craw- 
ford, M.A. With Map and 7 Illustra- 
tions. Crown 8vo. *js. 6d. 

CREI6HT0N. — Histor y of the 
Papacy During the Reformation. 
By the Rev. M. Creighton, M.A 
Vols. I. and II. Svo. 32*. 



CROZIER. — Civilization and Pro- 
gress % being the Outline of a New 
System of PoUttcal, Religious, and Social 
Philosophy. By J. Beattie Crozier. 
8vo. 14J. 

CULLEY. — Handbook of Practical 
Telegraphy. - By R. S. Culley, 
M. Inst. C.E. Plates and Woodcuts. 
8vo. idr. 

DANTE. — The Divine Comedy of 

Dante Alighieri. Translated verse for 
verse from the Original into Terza Rinuu 
By James Innes Minchin. Cr. 8vo. 15^. 

DAVIDSON. — An Introduction to 
the Study of the New Testament^ 
Critical, Ex^etical, and Theolc^cal. 
By the Rev. S. Davidson, D.D. LL.D. 
Revised Edition. 2 vols. 8vo. 30?. 

DAVIDSON.— 7^^ Logic of Defi- 
nition Explained and Applied. By 
William L. Davidson, M.A. Crown 
8vo. 6x. 

DEAD SHOT, The, or Sports- 

man's Complete Guide; a Treatise on 
the Use of the Gun, with Lessons in the 
Art of Shooting Game of all kinds, and 
Wild-Fowl, also Pigeon-Shooting, and 
Dog-Breaking. By Marksman. With 
13 Illustrations. Crown 8vo. los. td. 

DECAISNE & LE HAOUT.— ^ 

General System of Botany. Trans* 
lated from the French of E. Le Maout, 
M.D., and J. Decaisne, by Lady 
Hooker ; with Additions by Sir J. D. 
Hooker, C.B. F.R.S. Imp, Svo. with 
5,500 Woodcuts, 3 1 J. 6d. 

DENT. — Above the Snow Line: 

Mountaineering Sketches between 1870 
and 1880. By Clinton Dent, Vice- 
President of the Alpine Club. "Wth Two 
Engravings by Edward Whjonper and an 
Illustration by Percy Macquoid. Crown 
8vo. is. 6a. 

D'EON DE BEAUMONT.— r^5 

Strange Career of the Chevausr 
D'EoN DB Beaumont^ Minister Pleni* 
potentiary from France to Great Britain 
in 1 763. By Captain J. Buchan Telfkb, 
R.N. F.S.A, F.R.G.S. With 3 Portraits. 
8vo. I2s. 

DE TQCQiMWnUX..— Democracy 

IN America. By Alexis de Tocque- 
ville. Translated by H. Reeve, C.B. 
2 vols, crown 8vo. i6s* 

DE WES.— ^i^iS Life and Letters 
OF St. Paul, By Alfred Dewes, 
M.A. LL.D. D.D. Vicar of St. Augns- 
tine's, Pendlcbury, With 4 Maps* 8va 
^5. 6(i. 
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DICKINSON. — Ojv^ Renal and 
Urinary Affections, ByW.HowsHip 
Dickinson, M, D.Cantab. F.R.C.P. &c. 
With 12 Plates and 122 Woodcuts. 3 
vols. 8vo, ;f 3. 4J. dd, 

*#♦ The Three Parts may be had sepa- 
rately : Part I. — Diabetes, lor. dd, sewed, 
\2s, cloth. Part II, Albuminuria, 2Qr. 
sewed, 2ix, cloth. Part III. — Mis* 
cellaneous Affections of the Kidneys and 
Urine, 3Qf. sewed, 3IJ. dd, cloth. 

DIXON. — Rural Bird Life; Essays 

on Ornithology, with Instructions for 
Preserving Objects relating to that 
Science. By Charles Dixon. With 
45 Woodcuts. Crown 8vo, 5^. 

DO WELL.— ^ History of Taxa- 
tion AND Taxes in England, from 
the Earliest Times to the Preseat 
Day, By Stephen Dowell, Assistant 
Solicitor of Inland Revenue. 4 vols. 8vo. 
4Sx. 

DOYLE. — The English in America; 

Virginia, Maryland, and the Carolinas. 
By J. A. Doyle, Fellow of All Souls* 
College, Oxford. 8vo. Map, i&f. 

DRESSER.— ykp^ AT/ its Architec- 
ture, Art, and Art Manufactures, 
By Christopher Dresser, Ph.D. F.L.S. 
&c. With 202 Illustrations. Square 
crown 8vo. 31J. 6d, 

DUNSTER. — ^(^^^ TO Make the 

Land Fay; or. Profitable Industries 
connected with the Land, and suitable to 
all Occupations, Large or Small. By 
Henry P. Dunster, M.A. Vicar of 
Wood-Bastwick, Norfolk. Crown 8vo. 

EASTLAKE.— i^/r^ Great Paint- 

ers ; Essays on Leonardo da Vinci, 
Michael Angelo, Titian, Raphael, Albert 
DUrer. By Lady Eastlake. 2 vols. 
Crown 8vo. 16s, 

EASTLAKE«— Works by C, L, East- 
lake, ER.S, B,A, 

Hints on Household Taste in 
Furniture, Upholstery, &c. With 
100 Illustrations. Square crown 8vo. 14J. 

Notes on Foreign Picture Gal- 

LERIES. Crown 8vo. 

The Louvre Gallery, Faris, with 114 Illus- 
trations, *js. 6d, 

The Brera Gallery, Afi/an, with 55 Illustra- 
tions, ^s. 

The Old Pinakothek, Munich, with 107 
Illustrations, *js, dd. 



EDERSHEIH.— Works by the Rev. 
Alfred Edersheim, D,D, 

The Life and Times of Jesus 
THE Messiah, 2 vols. 8vo. 42J. 

Prophecy and History in rela* 
TioN to the Messiah: the Warburton 
Lectures, delivered at Lincoln's Inn 
Chapel, 1880-1884. 8vo. 12s. 

EDWARDS.— Ora Seamarks. By 
E. Price Edwards. With numerous 
Illustrations of Lighthouses, &c. engraved 
on Wood hy G. H. Ford. Crown 8vo, 
8j. 6/. 

ELLICOTT. — Works by C. J, 

Ellicott, D,D,, Bishop of Gloucester 
and Bristol. 

A Critical and Grammatical 
Commentary on St, Faul's Epistles, 
8vo. Galatians, Ss. 6d, Ephesians, 
Ss, 6d, Pastoral Epistles, iQf. 6d, Philip- 
pians, Colossians, and Philemon, lOf. 6d, 
Thessalonians, 7^. 6d. I. Corinthians. 

[Nearly ready. 

Historical Lectures on the Life 
of Our Lord Jesus Christ. 8va 12s, 

EPOCHS OF ANCIENT HISTORY. 

Edited by the Rev. SirG. W. Cox, Bart. 

M.A. and C. Sankey, M.A. 
Beesly's Gracchi, Marius and Sulla, 2s. 6d. 
Capes's Age of the Antonines, 2s, 6d, 

Early Roman Empire, 2s. 6d, 

Cox's Athenian Empire, 2s. 6d, 

Greeks and Persians, 2s. 6d, 

Curteis's Macedonian Empire, 2s, 6d, 
Ihne's Rome to its Capture by the Gauls, 

2s, 6d. 
Merivale*s Roman Triumvirates, 2s, 6d, 
Sanke/s Spartan and Theban Supremacies, 

2s, 6d, 
Smith's Rome and Carthage, 2s. 6d, 

EPOCHS OF MODERN HISTORY. 

Edited by C. Colbeck, M.A. 
Church's Beginning of the Middle Ages, 

2s, 6d. 
Cox's Crusades, 2s. 6d. 
Creighton's Age of Elizabeth, 2s. 6d, 
Gairdner's Lancaster and York, 2s. 6d, 
Gardiner's Puritan Revolution, 2s, 6d. 

Thirty Years' War, 2s. 6d. 

— — (Mrs.) French Revolution, 2s. 6d. 

Hale's Fall of the Stuarts, 2s. 6d. 
Johnson's Normans in Europe, 2s, 6d, 
Longman's Frederick the Great, 2s, 6d. 
Ludlow's War of American Independence, 

2s, 6d. 
M*Carthy*s Epoch of Reform, 1 830- 1 850, 

2s. 6d. 
Morris's Age of Anne, 2s, 6d. 
Seebohm's Protestant Revolution, 2s. 6d. 
Stubbs' Early Plantagenets, 2x. Sd, 
Warburtoji's Edward III. 2s. 6d, 



10 LONGMANS ft CO.'S UST OF GENERAL AND SCIENTIFIC BOOKS. 



vx «• ■ 



• v^ * ^ * • v^ VX V> VX V^N.X ' 



..'' vy-^y v_/^ v^ vy vy v.y">.-/ Nbyvy v^ ■w 



BRICHSEN.— ^(7^jr^ BY John Eric 
Erichses^ F.R.S. 

The Science and Art op Sur* 

csry: Being a Treatise on Surgical In- 
juries, Diseases, and Operations. Illus- 
trated by Engravii^ on Wood. 2 vols. 
8vo. 41/, ; or bound in half-mssia, 6or. 

On Concussion of the Spine, Ner^ 
vous Shocks, and other Obscure Injuries 
of- the Nervous System in their Clinical 
and Medico-Legjd Aspects. Crown 8vo, 

EVANS. — The Bronze Implements, 
Arms, and Orhamsnts op Great 
Britain and Ireland* By John 
Evans, D.CL. LL.D. F.R.S. With 
540 Illustrations. 8vo. 25^, 

BWALD. — Works by Professor 
Heinrich Ewald, of Gottingen. 

The Antiquities op Israel, 

Translated from the German by H. S. 
Solly, M.A. 8vo. i2r. 6d, 

The History op Israel, Trans- 
lated from the German. Vols. I.-V. 8vo. 
631. Vol. VI. Christ and his Times, 8vo. 
i6j. Vol. VII. ■ The Apostolic Age, 8vo. 

2 IX. 

FAIRBAIRH.— ^c?ieiir5 by Sir W. 

Fairbairn, Bart, C,E, 

A Treatise ON Mills and Mill- 

WORK, with 18 Plates and 333 Woodcuts. 
I vol, 8vo. 25J. 

Useful Information for Engi- 

nbbrs. With many Plates and Wood- 
cuts. 3 vols, crown 8vo, 31J. 6d, 

FARRAB* — Language and Lan- 
guages, A Revised Edition of Chapters 
on Language and Families of Speech, By 
F. W Farrar, D.D. Crown 8vo, ts, 

FITZWT6RAM. — Horses and 

Stables, By Major-General Sir F. 
FiTZWYGRAM, Bart, With 39 pages of 
Illustrations. 8vo. lOs, 6d, 

FOX. — The Early History of 
Charles Jambs Fox, By the Right 
Hon. G, O. TrevelYan, M.P. Library 
Editidn, 8vo. t%s. Cabinet Edition, 
cr. 8vo. 6s, 

* 

FBANCIS. — A Book on Angling; 

or. Treatise on the Art of Fishing in every 
branch; including full Illustrated Lists 
of Salmon Flies. By Francis Francis. 
;Post 8vo, Portrait Riid Plates, iSs» 



FREEHAN.— T^i? Historical Geo- 

GRAPHY of Europb, By E. A. Frek- 
man, D.CL, With 65 Biaps. 2 vols. 
8vo. 31J. dd, 

FRENCH. — Nineteen Centuries 
op Brink in England, a History. 
By Richard Valpy French, D.CL. 
LL.D. F.S.A. ; Author of * The History 
of Toasting ' &c. Crown 8vo. lor. 6d, 

FROUDE. — Works by James A. 
Froude, M,A, 

The History of England, from 

the Fall of Wolsey to the Defeat of the 
Spanish Armada. 

Cabinet Edition, 12 vols. cr. 8vo. £x, I2«. 
Popular Edition, 12 vols. cr. 8vo. £2. zr. 

Short Studies on Great Sub- 
jects, 4 vols, crown 8vo, 24r. 

The English in Ireland in the 
Eighteenth Century, 3 vols., crown 
8va i8j, 

Thomas Carlyle, z. History oif the 

first Forty Years of his life, 1795 to 
1835. 2 vols. 8vo, 32r, 

Thomas Carlyle, a History of His 

Life in London from 1834 to his death in 
1 881. By James A. Froude^ M.A. with 
Portrait engraved on steeL 2 vols. 8vo. 
32s, 

GANOT. — WoRNs BY Professor ; 

Ganot, Translated by E, Atkinson, 
Ph.D. F.C.S. 

Elementary Treatise on Phy- 
sics, for the use of Colleges and Schools. 
With 5 Coloured Plates and 898 Wood- 
cuts. Large crown 8vo. 1$^, 

Natural Philosophy for Gene- 
ral Fbadbrs and Young Pbrsons, 
With 2 Plates and 471 Woodcuts. Crown 
8vo. Is, '6d, 

GARDINER*— ^<^^^^ J^^y Samuel, 
Raivson Gardiner, LZ,I>, - 

History^ of England, from the 
Accession of James I. to the On^reak of 
the Civil War, 1603:^1642. Cabinet 
Edition, thoroughly revised. 10 yols. 
crown 8vo. price 6s, each. 

Outline op English History, 

B.C. 55-A.D. 1880. With 96 Woodcuts, 
fcp. 8vo. 2s, 6d, 

*^* For Professor Gardiner's isther 
Works, see • Epochs of Modem Historyi' 
p. 9. 
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6ARR0D. — Works bv Alfred 
Baring Garrod, M,D. RRS, 

A Treatise on Gout and Rheu- 
matic Gout {Rheumatoid Arthritis), 
With 6 Plates, comprising 21 Figures 
(14 Coloured), and 27 Illustrations en- 
graved on Wood 8vo. 21s, 

The Essentials of Materia 
Mbdica and Therapeutics. Revised 
and edited, under the supervision of the 
Author, by E. B. Baxter, M. D. F. R. C. P. 
- Professor of Materia Medica and Thera- 
peutics in King's College, London. 
Crown 8vo, I2J. dd, 

GOETHE.— i^rr^r. Translated by 

T. E. Webb, LL.D. Reg. Prof, of Laws 
and Public Orator in the Univ. of 
Dublin. 8vo. I2J. 6</. 

Faust, A New Translation, chiefly in 
Blank Verse ; with a complete Introduc- 
tion and Copious Notes. By James 
Adey Birds, B.A. F.G.S. Large 
crown 8vo. 12s, 6d, 

Faust, The German Text, with an 

English Introduction and Notes for Stu- 
dents. By Albert M. Selss, M.A. 
Ph.D. Crown 8vo. 51. 

GOODEVE.— Works byTM. Good- 

EVEy M.A, 

Principles of Mechanics, With 

253 Woodcuts. Crown 8vo. 6j. 

The Elements of Mechanism, 

With 342 Woodcuts. Crown 8vo. 6f. 

GRANT. — Works BY Sir Alexander 
Grant, Bart, LL.D. D.C.L. ^c. 

The Story of the University of 
Edinburgh during its First Three Hun- 
dred Years. With numerous Illustrations. 
2 vols. 8vo. 36J. 

The Ethics of Aristotle, The 

Greek Text illustrated by Essays and 
Notes. 2 vols. 8vo. 32r. 

GRAY. — ANATOMYy Descriptive 
and Surgical, By Henry Gray, 
F.R.S. late Lecturer on Anatomy at St. 
George's Hospital. With 557 large 
Woodcut Illustrations. Re-edited by T. 
Pickering Pick, Surgeon to St. George's 
Hospital. Royal 8vo. 30;. 

GREEtl.—THE Works of Thomas 
Hill Green, late Fellow of Balliol 
College, and Whyte's Professor of Moral 
Philosophy in the University of Oxford. 
Edited by R. L. Nettleship, Fellow 
of Balliol Collie, Oxford. In 3 vols. 
Vol, I. — Philosophical Works. 8vo. i6s. 



GREVILLE. — Journal of the 
Reigns of King George IV, and King 
William IV, By the late C, ,C. F. 
Greville. Edited by H. Reeve, CB. 
3 vols. 8vo, 36X, 

GRIMSTON.— Ti^^ Hon, Robert 

Grimston: a Sketch of his life. By 
Frederick Gale. With Portrait. 
Crown 8vo.^ los, 6d, 

GWILT. — An Encyclopaedia of 
Architecture, Historical, Theoretical, 
and Practical. ByJosEPHGvvriLT, F.S.A. 
Illustrated with more than 1,100 
Engravings on Wood. Revised, with 
Alterations and Considerable Additions, 
by Wyatt Papworth. Additionally 
illustrated with nearly 400 Wood En- 
gravings by O. Jewitt, and nearly 200 
other Woodcuts. 8vo. 5^. 6d, 

GROVE. — The Correlation of 
Physical Forces, By the Hon. Sir 
W, R. Grove, F.R.S. &c. 8vo. 15J. 

HALLIWELL-PHILLIPPS. — Out- 
lines of the Life of Shakespeare, 
By J. O. Haluwell-Phillipps, F.R,S, 
Royal 8vo. Js, 6d, 

HAMILTON.— Z/i'JF of Sir William 
R, Hamilton, Kt. LL.D. D.C.L. 
M.R.I.A. &c. Including Selections fiom 
his Poems, Correspondence, and Miscel- 
laneous Writings. By the Rev. R. P. 
Graves, M.A. (3 vols.) Vols, I. and 
II. 8vo. 15J. each. 

YLkRTNm.'-' Works by Dr, G. 

Hartwig, . 

The Sea and its Living Wonders, 

8vo. with many Illustrations, lor. 6d. 

The Tropical World. With about 

200 illustrations. 8vo. lox. 6c^, 

The Polar World ; a Description 
of Man and Nature in the Arctic and 
Antarctic Regions of the Globe. Maps, 
Plates, and Woodcuts. 8vo. lor. td. 

The Arctic Regions (extracted from 

the * Polar Worid *). 4to. ed, sewed. 

The Subterranean World, With 

Maps and Woodcuts. 8vo. lor. 6d* 

The Aerial World; a Popular 

Account of the Phenomena and Life of 
the Atmosphere. Map, Plates, Wood- 
aits. 8vo. los, 6d, 
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HABTE.— Works by Bret Harte. 
In the Carquinez Woods, Fcp. 

8tq. 2j. boards ; 2f . dd. clotK 

On the Frontier. Three Stories. 

161110. IX. 

Br Shore and Sedge. Three 

Stories. 1 61110. is. 

HASSALL. — Works by Arthur 
Hill Hassall^ MJD. 
The Inhalation Treatment of 
Diseases of the Organs of /Respira- 
tion, including Consumption ; with 19 
niustiationsof Apparatus. Cr.Svo. 12s. (ki. 

San Remo, climatically and medically 

considered. \Mth 30 Illustrations. Crown 
8v a 5J. 

HAUGHTON. — ^/A- Lectures on 
Physical Geography^ delivered in 1876, 
with some Additions. By the Rev. S AMU el 
Haughton, F.R.S. M.D. D.C.L. With 
23 Diagrams. 8vo. ly. 

HAYELOCK. — Memoirs of Sir 
Henry Havelock, K'.C.B. By John 
Clark Marshman. Crown 8vo. 31. 6d. 

HA WARD.— ^ Treatise on Or- 
thopjedic Surgery. By J, Warring- 
ton Haward, F.R.C.S. Su]^;eon to St. 
George's HospitaL With 30 Illustrations 
engraved on Wood. 8vo. \2s, 6d. 

VSiMRQLH.— Works by Pro- 
fessor Helmholtz. 
Popular Lectures on Scientific 
Subjects. Translated and edited by 
Edmund Atkinson, Ph.D. F.CS. 
With a Preface by Professor Tyndall, 
F.R.S. and 68 Woodcuts. 2 vols. 
Crown 8vo. 151. or separately, 75. 6d. each. 

On the Sensations of Tone as a 
Physiological Basis for the Theory 
of Music. Translated by A. J, Ellis, 
F.R.S. Second English Edition. Royal 
8vo. 28r. 

YiSS&GBEL.— Outlines of Astro- 
nomy. By Sir J. F. W. Herschel, 
Bart. M.A. With Plates and Diagrams. 
Square crown 8vo. 12s. 

HEWITT. — Works by Graily 
Hewitt^ M.D. 

The Diagnosis and Treatment 
of Diseases of Women, including 
the Diagnosis of Pregnancy. New 
Edition, in great part re-written and 
much enlarged, with 211 Engravings on 
Wood, of which 79 are new in this Edi- 
tion. 8vo. 24J. 

The Mechanical System of Ute- 
rine Pathology. With 31 Life-size 
Illustrations prepared expressly for this 
Work. Crown 4to. 7j. 6^, 



HICBSON. — Ireland in the 
Seventeenth Century; or. The Irish 
Massacres of 1 641-2, their Causes and 
Results. By !^Iary Hickson. With a 
Prefiux by J. A. Fronde, M. A. 2 vols. 
8vo. 2&r. 

HOBABT. — The Medical Language 

OF St. Luke: a Proof from Internal 
Evidence that St. Luke's Goq>el and the 
Acts were written by the same person, 
and that the writer was a Medical Man. 
By the Rev. W. K. Hobart, LL.D. 
8va i6r. 

HOLMES. — A System of Surgery^ 

Theoretical and Practical, in Treatises by 
various Authors. Edited by Timothy 
Holmes, M.A. Surgeon to St Gecnrge's 
Hospital ; and J. W. Hulke, F.R.S. 
Surgeon to the Middlesex HospitaL In 
3 Volumes, with Coloured Plates and 
Illustrations on Wood. 3 vols, royal 8vo. 
;f 4. \5. 

HOMER. — The Iliad of Homer^ 

Homometrically translated by C. B. Cay* 
ley. 8vo. I2J. td. 

The Iliad of Homer. The Greek 

Text, with a Verse Translation, liy W. C. 
Green, M.A. VoL L Books I.-XIL 
Crown 8vo. 6r. 

HOPKINS. — Christ the Consoler; 

a Book of Comfort for the Sick. By 
Ellice Hopkins. Fcp. 8vo. 2s. 6(f. 

HORSES AND ROADS ; or How to 

Keep a Horse Sound on His Legs. By 
Free-Lance. Crown 8vo. 6s. 

HORT. — The New Pantheon^ or an 

Introduction to the M3^ology of the 
Ancients. By W. J. Hort. i8mo. 
2f. dd. 

KOWITT.— Visits to Remarkable 
Places, Old Halls, Batde-Fields, Scenes 
illustrative of Striking Passages in English 
History and Poetry. By William 
Howitt, With 80 Illustrations engraved 
on Wood. Crown 8vo. 7^. 6d. 

HULLAH. — Works by John Hul- 
LAHy LL.D. 

Course of Lectures on the His- 
tory of Modern Music. 8vo. 8j. td. 

Course of Lectures on the Tran- 
sition Period of Musical Histqry. 

8vo. 105. 6r/, 
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HUME. — The Philosophical Works 
OF David Hume. Edited by T. H. 
Green, M.A. and the Rev. T. H. 
Grose, M.A. 4 vols. 8vo. 56J. Or 
separately, Essays, 2 vols. 2&r. Treatise 
on Human Nature. 2 vols. 28x. 

HUSBAND. — Examination Ques- 
tions IN Anatomy^* Physiology^ Bo- 
TANYf Materia Medic a. Surgery, 
Medicine, Midwifery, and State- 
medicine, Arranged by H. A. Hus- 
band, M.B. M.C. M.R.C.S. L.S.A. &c. 
32mo. 41. 6d, 

imOiEUrU .— Poetical Works of 
Jean Ingelow, Vols, i and 2. Fcp. 
8vo. I2J. Vol. 3. Fcp. 8vo. 5J. 

IN THE OLDEN TIME.— A Novel. 

By the Author of * Mademoiselle Mori.* 
Crown 8vo. 6j. 

JACKSON. — Aid to Engineering 
Solution By Lowis D'A. Jackson, 
C.E. With III Diagrams and 5 Wood- 
cut Illustrations. 8vo. %is, 

JAMESON. — Works by Mrs. Jame- 
son 
Legends of the Saints and Mar- 

TYRS. With 19 Etchings and 187 Wood- 
cuts. 2 vols. 3 1 J. Sd, 

Legends of the Madonna^ the 

Virgin Mary as represented in Sacred 
and Legendary Art. With 27 Etchings 
and 165 Woodcuts. I vol. 2IJ. 

Legends OF THE Monastic Orders. 

With II Etchmgs and 88 Woodcuts. 
I vol. 2 1 J. 

History OF THE Saviour, His Types 

and Precursors. Completed by Lady 
Eastlake. With 13 Etchings and 281 
Woodcuts. 2 vols. 42^, 

JEFFERIES. — Red Deer. By 
Richard Jefferies. Crown 8vo. 4f. 6^. 

JOHNSON.— r^^ Patentees Man- 

UAL ; a Treatise on the Law and Practice 
of Letters Patent, for the use of Patentees 
and Inventors. By J. Johnson and J. 
H. Johnson. 8vo. iqt. td. 

JOHNSTON.— -4 General Diction- 
ARY OF Geography, Descriptive, Physi- 
cal, Statistical, and Historical ; a com- 
plete Gazetteer of the World. By Keith 
Johnston. Medium 8vo. 4zr. 

JONES. — The Health of the 
Senses: Sight, Jf baring. Voice, 
Smell and Taste, Shin ; with Hints 
on Health, Diet, Education, Health Re- 
sorts of Europe, &c. By H. Macnaugh- 
TON Jone§| M.D. Crown 8vo. 3^. M. 



JUKES. — Works by the Pek An^ 
DREW Jukes. 

The New Man and the Eternal 

Life. Crown 8vo. 6^. 

The Types of Genesis. Crown 

8vo. 7^. (id. 

The Second Death and the Re- 
stitution of all Timings. Crown 8vo, 
3J. (id. 

The Mystery of the Kingdom. 

Crown 8vo. zs. 6d. 

JUSTINIAN.— jTi^^ Institutes of 

Justinian; Latin Text, chiefly that of 
Huschke, with English Introduction, 
Translation, Notes, and Summary. By 
Thomas C. Sandars, M.A. Barrister- 
at-Law. 8vo. i&r. 

KALISCH. — Works by M M. 
Xalisch, M.A. 

Bible Studies. Part I. The Pro- 
phecies of Balaam. 8vo. iQr. 6d. Part 
II. The Book of Jonah. 8vo. lor. 6d, 

Commentary on the Old Testa- 
ment; with a New Translation. Vol. I. 
Genesis, 8vo. i8r. or adapted for the 
General Reader, 12s. Vol. II. Exodus, 
15J. or adapted for the General Reader, 
I2J. Vol. III. Leviticus, Part I. 15^. or 
adapted for the General Reader, 8^. 
Vol. IV. Leviticus, Part II. 15J. or 
adapted for the General Reader, Ss. 

Hebrew Grammar. With Exer- 
cises. Part I. 8vo. 12s. 6d. Key, 5^. 
Part II. I2s. 6d. 

KANT. — Critique of Practical 
/Reason. By Emmanuel Kant. Trans- 
lated by Thomas Kingsmill Abbott, B.D. 
8vo. I2X. 6d, 

KERL. — A Practical Treatise on 
Metallurgy. By Professor Kerl. 
Adapted from the last German Edition by 
W. Crookes, F.R.S. &c. and E. Rohrig, 
Ph.D. 3 vols. 8vo. with 625 Woodcuts, 

KILLICK. — Handbook to Mill's 
System of Logic. By the Rev. A. H, 
KiLLiCK, M.A. Crown 8vo. 3^. 6d, 

KOLBE. — A Short Text-book of 
Inorganic Chemistry. By Dr. Her- 
mann K0L6E. Translated from the 
German by T, S. Humpidge, Ph.D. 
With a Coloured Table of Spectra and 
66 Illustrations. CrowP 8vo. 71. 6d^ 
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LANG. — Works by Andrew Lang^ 

late Fellow of Merlon College, 

Custom and Myth; Studies of Early 
Usage and Belief. With 15 Illustrations. 
Crown 8vo, *js. 6d, ' 

The Princess Nobody: a Tale of 

Fairyland. After the Drawings by 
Richard Doyle, printed in colours by 
Edmund Evans. Post 4to. 5^. boards. 

UiIlllLKML.— Works by Robert G. 

Latham^ M,A, M,D. 
A Dictionary of the English 

Language. Founded on the Dictionary 
of Dr. Johnson. Four vols. 4to. £t. 
A Dictionary of the English 
Language, Abridged from Dr. Latham's 
Edition of Johnson's Dictionary. One 
Volume. Medium 8vo. I4r. 

Handbook of the English Lan- 
guage, Crown 8vo. df. 

LECKY.— Works by WE. If, Lecky. 

History of England in the i^th 

Century. 4 vols. 8vo. 1 700-1 784, 

TheHistor yof European Morals 
from Augustus to Charlemagne, 
2 vols, crown 8vo. i6s. 

History OF the Rise and Influ- 
ence of the Spirit of Rationalism 
in Europe, 2 vols, crown 8vo. idr. 

Leaders of Public Opinion in 

Ireland. — Swift, Flood, Grattan, 
P'Connell. Crown 8vo. 'js. 6d, 

LEWES.— ^^^ History of Philo- 

soPHYy from Thales to Comte. By 
George Henry Lewes. 2 vols, 8vo. 
32J. 
LIDDELL & SCOTT.— ^ Greek- 
English Lexicon, Compiled by Henry 
George Liddell, D.D, Dean of Christ 
Church ; and Robert Scott, D.D. Dean 
■ of Rochester. 4to. 36^. 

LINDLEY and MOORE. — The 

Treasury of Botany^ or. Popular 
Dictionary of the Vegetable Kingdom. 
Edited by J. Lindley, F.R.S. and T. 
Moore, F.L,S. With 274 Woodcuts 
and 20 Steel Plates, Two Parts, fcp. 
8vo, 12S, 

LIST. — The National System of 
Poi^itical Economy, By FRiEDkicH 
Lisx* Translated from the Original 
(Gennan by Sampson S. Lloyd, M. P. 
8vo. I or. dd, 

LITTLE.~--t?iv In'Knee Distortion 

(Genu Valgum) : Its Varieties and Treat- 
ment with and without Surgical Opera- 
tion. By W. J. Little, M.D. Assisted 
by MuiRHEjAD Little, M.R.C.S. With 
40 Ijiustfations. $yo. 7^. 6cf. 



LIVEIN6. — Works BY Robert Live- 
iNG^ M,A, and M.D, Cantab, 

Handbook on Diseases of the 

Skin. With especial reference to Diag- 
nosis and Treatment. Fcp. 8vo. 5^. 

Notes on the Treatment of Skin 

Diseases. i8mo. 31. 
Elephantiasis Grmcorvm^ or 

True Leprosy. Crown 8vo. 4J. €d, 

LLOTD. — A Treatise on Magnet- 
ism, General and Terrestrial. By H. 
Lloyd, D.D. D.C.L. 8vo. los, 6d, 

LLOTD. — The Science of Agricul- 
ture. By F. J. Lloyd. 8vo. 12s, 

LOHGlUMi.— Works by William 
Longman^ F,S.A. 

Lectures on the History of 
England from the Earliest Times to the 
Death of King Edward II. Maps and 
Illustrations. 8vo. 15X. 

History of the Life and Times 
of Edward III, With 9 Maps, 8 
Plates, and 16 Woodcuts. 2 vols. 8vo. 2&. 

LONGMAN. — Works by Frederick 

W. Longman, Balliol College^ Oxon. 

Chess Openings, Fcp. 8vo. 2s, 61 

Frederick the Great and the 
Seven Years* War. With 2 Coloured 
Maps. 8vo. 2s. 6d. 

A New Pocket Dictionary of 
the German and English Lan- 
guages. Square i8mo. 2r. 6d, 

LONGMAN'S MAGAZINE. Fub- 

lished Monthly. P^ce Sixpence. 
Vols. 1-5, 8vo. price 5^. each. 

liQYlGiVLQiKE^.— Gunshot Injuries] 

Their History, Characteristic Features, 
Complications, and General Treatmoit 
By Surgeon-General T. Longmore, CB. 
F.R.C.S. With 58 lUustrations. ««). 
price 31^. 6d, 

LOJJDOIS.— Works by I CZoudor, 

F.L,S, 

Encyclopaedia of Gardening; 

the Theory and Practice of Horticultiire, 
Floriculture, Arlx>riculturey and Land* 
scape Gardening. With 1,000 Woodcuts. 
8vo, 2is, 

Encyclopedia of Agriculture; 
the Laying-out, Improvemetit, awi 
Management of Landed Property; the 
Cultivation and Economy of the Piodifr 
tions of Agriculture. With i^ioo Woo*- 
cuts. 8yo. 2is, 

EncyclopjEdia of I^lants • .tl< 
Si)ecific Character, Description, Cnim* 
History, &c. of all Plants jonnd in Gitf^ 
Britain. With 1 2, pop Woodcuts. 8to.4»' 
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LUBBOCK.— 2^^ Ojp/c/iT oif Cir/zi" 

ZATION AND THB PRIMITIVE CONDITION 

OF Man. By Sir J. Lubbock, Bart. 
M.P. F.R.S. 8vo. Woodcuts, iZs, 

ITBA 6ERHANICA ; Hymns Trans- 
lated from the German by Miss C. 
WiNKWORTH, Fq). 8vo. 5 J. 

KACALISTER.— ^iv . Introduction 

TO THE Systematic Zoology and 

. Morphology of Vertebrate Am- 

• • MAIS. ' By Ai ^ Macauster, M.D. 

iWitb^ Diagrams. Svo. lar. 6^. 

HACAULAT. — ' WORK'S ' v^ ND 
' Z/i^iS' OjFldRD MACAU14 Y. 

HISTORY OFJENGLAND.FROM 
. 7w« Accession of Jambs the Second : 
Student^s Editioi^ ^{vols. crown 8V0. 12^. 
Peoide's Edition, 4 vols. crown.8vo.'i6x. 
Cabinet Edition, 8 vols, post 8yo. 4&r. 
Library Edition, 5 vols. 8vo. £4,' 

CRITICAL AND HISTORICAL 

essays; with LAYS of 

AHf^ClMNT ROME, in i volume : 

Authorised E4itioxiy qrown 8vo.- a^, fyi^ or 

:5x. 6d, gilt edges. : 

Popular Editioxi, crown 8vo. 2s, 6d, " 

CRITICAL AND HISTORICAL 

ESSAYS: 
Student's Edition, i vqI. cr'owii 8vo. €s. 
People's Edition, 2 vols, crown 8vo. 8r. ' 
Cat^t Edition, 4 vols, post 8vo. 24r. 
Library Edition, 3 vols. ovo. 36J. 

JISSA YS which may be had separ- 
ately price 6d. each sewed, is, each cloth : 

Addison and Walpole. 

Frederick the GreiU. 

Croker's Boswell's Johnson. 

Hallam's Constitutional History. 

Warren Hastings. 

The; Earl of Chatham (Two Essays). 

Ranice and Gladstone. 

Milton and Machiavelli. 
rd Bacon. 
)rd Clive. 

)rd Byron, and The Comic Dramatists of 
die Restoration. 




fhe Es^ay on Warren Hastings annotated 

by S. Hales, is, 6d. 
The Essay on Lord Clive annotated by 

H. COURTHOPE-BOWEN, M.A. 2s. 6d, 

SPEECHES: 

people's Edition, crown 8vo. y. 6d, 

MISCELLANEOUS WRITINGS 

Library Edition, 2 vols. 8vo. Portrait, 21s, 
People's Edition, i vol. crown 8vo. 4f. 6d, 

[Continuid abcv^ 



lUiCkaLkY— WORKS AND 
LIFE OF LORD MA CA ULA Y 
— continued. 

LA YS OF ANCIENT ROME y 6-r. 
Illustrated by G. Scharf, fcp. 4to. lox. td, 
' Popular Edition, 

fcp: 4to. 6^. sewed, u. cloth. 
Illustrated by J. R. Weguelin, crown 8vo, 

3r. 6dr. cloth extra, gilt edges. 
Cabinet Edition, post 8vo. 35. da?'. 
Annotated Edition, fcp. 8vo. is, sewed, 

is, 6d, cloth,. or 2s, 6d. cloth extra, gilt 

edges. .. . • .. 

SELECTIONS FROM THE 

Writings OF IMRD. Mac AULAY,' Edi- 
ted, with Occasional Notes, by. the Right 
Hon. G. O. Trevelyan, M.P. Crown 
8vo. df. 

MISCELLANEOUS WRITINdiS 

AND Speeches: 

Student's Edition, in OiiE Volume, crown 
8vo, df. 

Cabinet Edition, including Indian Penal 
Code, Lays of Ancient Rome, and Mis- 
cellaneous Poems, 4 vols, post 8vo. 241. - 

THE COMPLETE WORKS of 

Lord Macaulay, Edited by his Sister, 
Lady Trevelyan. 
.Library Edition, with Portrait, 8 vols. 

demy 8vo. £^, 5j. • 

Cabinet Edition, 16 vols, post 8vo. ;f 4. idr. 

THE LIFE AND LETTERS of 

Lord Macaulay. By the Right Hon, 

G. O. Trevelyan, M.P. 
Popular Edition, I vol. crown 8vo. df. 
Cabinet Edition, 2 vols, post 8vo. I2j. 
Library Edition, 2 vols. 8vo. with Portrait, 

36J. 

HACDONALD, — Works by George 

MACDONALDy LL,D. 

Unspoken Sermons, Second Series. 

Crown 8vo. ^s, 6d, 

A Book of Strife, in the form 

OF The Diary of an Old SOul: 
Poems. i2mo. 6^. 

Hamlet. A Study with the Text of 

the Folio of 1623. 8vo. I2j. 

MACFARREN. — Lectures on Har- 
mony, delivered at the Royal Institution. 
By Sir G. A. Macfarren. 8vo. I2j, 

MACKENZIE. — On the Use of the 
Laryngoscope in Diseases of the 
Throat; with an Appendix on Rhino- 
scopy. By MoRELL Mackenzie, M.D. 
Lond. With 47 Woodcut Illustrations. 
8vo. dr. 
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MOORE.— TV^ Works of Thomas 
Moore, 

Lalla Rookh^ Tknniel's Edition, 

with 68 Woodcut lUnslratioiu. Crown 

8V0. IQT. (id, 

Irish Melodies^ Maclise's Edition, 
with i6i Steel Plates. Super-royal 8yo. 

2 1 J. 

IKWmSSktS^.-CUNICALRESEARCHES 

ON Disease in India, By Charlks 
MoREHEAD, M.D. Surgeon to the Jam- 
setjee Jccjeebhoy Hospital. 8vo. 2ls, 

WilhWl.— Works by the Rev. 

Thomas Mozley^ M,A, 
Reminiscences chiefly of Oriel 
College and the Oxford Movement, 
2 vols, crown 8vo. i&r. 

Reminiscences chiefly of Towns^ 
Villages, and Schools, 2 vols, crown 
8vo. i&r. 

MfJLLER. — Works by R Max 
MOller^ M,A, 

Biographical Essa ys. Crown Svo. 
^s, ()d. 

Selected Essays oh Language^ 
Mythology and Religion, 2 vob. 
crown Svo. idr. 

Lectures on the Science of Lan- 
guage, 2 vols, crown Svo. i6s, 

iNDiAy What Can it Teach Us? 

A Course of Lectures delivered before the 
University of Cambridge, Svo. 12s, (kl, 

Hibbert Lectures on the Origin 
and Growth of Religion, as illus- 
trated by the Religions of India. Crown 
Svo. 7^. 6d, 

Introduction to the Science of 

Religion: Four Lectures delivered at the 
Royal Institution. Crown Svo. *js, 6d. 

A Sanskrit Grammar for Begin- 

NERS, in Devanagari and Roman Letters 
throughout. Royal Svo. 7^. 6d, 

MURCHISON.— Works by Charles 
MuRCHisoN, M,D, LL,D, d^c, 

A Treatise on the Continued 
Fevers of Great Britain. Revised 
by W. Cayley, M.D. Physician to the 
Middlesex Hospital. Svo. with numerous 
Illustrations, 2$s, 

Clinical Lectures on Diseases 
OF the Liver, Jaundice, and Abdom- 
inal Dropsy, Revised by T. Lauder 
Brunton, M.D. Svo. with numerous 
Illustrations, 24;. 



TXEX&01H.—THE Moon, and the Call* 

dition and Configurations of its Surfiioe. 
By E, Neison, F.R.A.S. With tS 
Maps and 5 Plates. Medium Svo. 3U« M 

NEVILE. — Works by George Ne- 
vile, M,A, 

Horses and Riding, With 3 1 Iflfil- 

trations. Crown Svo. 6s, 

Farms and Farming. With 13 

Illustrations. Crown Svo. 6r. 

IXEWVLkXi.— Works by Cardinal 
Newman, 

Apologia pro VitA SuA, Crown 

Svo. df. 

The Idea of a Universit'Y defined 
AND illustrated, Crown Svo. 71; 

Historical Sketches, 3 vote. 

crown Svo. 6j. each. 

Discussions and Arguments Oif 
Various Subjects, Crown 8vo. &. 

An Essay on the DEVELOPMENf^f 
Christian Doctrine, Crown Svo. &. 

Certain Difficulties felt ^ 
Anglicans in Catholic TB4cStK 
Considered, Vol. i, crown Svo. 'is, tl\ 
VoL 2, crown Svo. 5^ i^ - . 

The Via Media of the AngucaM 
Church, illustrated in L^^xMi 
dr*c. 2 vols, crown Svo. dr. eaich. 

Essays, Critical and Historical 

2 vols, crown Svo, 12s, 

Ess A YS ON Biblical and onEccu- 
siastical Miracles, Crown Sva dr. 

An Essay in Aid of a Grammar 
OF Assent, p,6d. 

NEW TESTAMENT (THE) of w 

Lord and Saviour je^us Christ . Bhs* 
trated with Engravings on Wood after 
Paintings by the Early Masters dueflyonlK 
Italian School. NeMT and Cheaper Ed^to* 
4tp. 2 1 J. cloth extra, or 42x. morooeo. 

NOBLE. — The Russian Ji;EV0LT: 

its Causes, Condition, and ProqMb* 
By Edmund Noble. Fcp. 8yo. S*- 

NORTHCOTT.— Z^r^^5 and tutH- 

ING, Simple, Mechanical, and'OrnamA* 
tal. By W. H. Northcott. With fl^ 
Illustrations. Svo. iSf. 

QMYlS^Km. ^ Madam. A Novel 
By Mrs. Oliphant. Crown Sva y. ^ 
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POLE.-r-JTiViff Theory of the Mo- 
DBRN Scientific Game of Whist, 
By W. Pole, F.R.S. Fcp. 8yo. 2x. 6^. 

PROCTOR.— ^c?i?Jr5 ^r ^. ^. /'ijoc- 
The Sun; Ruler, Light, Fire, and 

Lif<p of the Planetary System. With 
Plates and Woodcuts. Crown 8vo. 14J. 

The Orbs Around Us; a Series of 

Essays on the Moon and PUmets, H«teors 
and Comets. With Chart and Diagrams, 
crown 8vo. *js, 6d, 

Other Worlds than Ours; The 

Plurality of Worlds Studied under the 
Light of Recent Scientific Researches. 
With 14 Illustrations, crown 8vo. los. 6d» 

The Moon; her Motions, Aspects, 

Scenery, and Physical Condition. With 
Plates, Charts, Woodcuts, and Lunar 
Photographs, crown 8vo. lOf. 6d, 

Universe of Stars; Presenting 

Researches into and New Views respect- 
ing the Constitution of the Heavens. 
With 22 Charts and 22 Diagrams, 8vo. 
lOf. 6d?. 

Larger Star Atlas for the Library, 

in 12 Circular Maps, with Introduction 
and 2 Index Pages. Folio, i^r. or Maps 
only, I2J. 6</. • 

Neiv Star Atlas for the Libiuty, 

the School, and the Observatory^. in 12 
Circular Maps (with 2 Index Plates). 
Crown 8vo. 5^. 

Light Science for LeisureHours; 

Familiar Essays on Scientific Subjects, 
Natural Phenomena, &c. 3 vols, crown 
8vo. 7 J. 6^. each. 

Studies of Venus-Transits ; an 

Investigation of the Circumstances of the 
Transits of Venus in 1874 and 1882. 
With 7 Diagrams and 10 Plates. 8v6. $s. 

Transits of Venus. A Popiilar 

Account of Past and Coming Transits 
firom the First Observed by Horrocks in 
1639 to the Transit of 2012. With 20 
Lithographic Plates (12 Coloured) and 38 
Illustrations engraved on Wood, 8vo. 8j.6^. 

A Treatise on the Cycloid and 
ON ALL Forms of Cycloid al Curves^ 
and on the use of Cycloidal Curves in 
dealing with the Motions of Planets, 
Comets, &c. &c. With 161 Diagrams. 
Crown 8vo. lor. 6d. 

Pleasant Ways in Science, with 

numerous Illustrations. Crown 8vo.,6r 

Myths and Marvels of Astro» 

NOMY, with numerous Illustr&xks^^&^ 
Crown 8vo. 6s, [Continued on next p^^^^ 



IWEN. — The Comparative Ana- 
tomy AND Physiology of the 
Vertebrate Animals. By Sir 
Richard Owen, K.C.B. &c. With 1,472 
. Woodcuts. 3 vols. 8vo. £2* 13s, 6d, 

*A6ET. — Works by Sir James 
Paget, Bart. F.R.S. D.CL. 6-^. 

Clinical Lectures and Essays. 
Edited by F. Howard Marsh, Assistant- 
Sui^eon to St. Bartholomew's Hospital. 
8vo. 1 5 J. 

Lectures on Surgical Patho- 
logy. Delivered at the Royal College 
of Surgeons of England. Re-edited by 
the Author and W. Turner, M.B. 
8vo. with 131 Woodcuts, 2ij'. 

^ASOLINL— J/^J/c?/^ OF, Count 
Giuseppe Pasolini^ late President 
OF THE Senate of Italy. Compiled 
by his Son. Translated and Abridged 
by the Dowager-Countess of Dal- 
housie. With Portrait. 8vo. 16s. 

^kSTEXm.— Louis Pasteur, his Life 

and Labours. By his Son-in-Law. 
Translated from the French by Lady 
Claud Hamilton. Crown 8vo. 7^. 6d. 

^EEL. — A Highland Gathering. 
By E. Lennox Peel. With 31 Illus- 
trations- engraved on Wood by E. 
Whymper from original Drawings by 
Charles Whymper. Crown 8vo. los. 6d. 

^^YiWELL.—' From Gra ve to Gay' : 

a Volume of Selections from the complete 
Poems of H. Cholmondeley-Pennell, 
Author of * Puck on Pegasus * &c. Fcp. 
8vo. dr. 

^EREIRA. — Materia Medic a and 
Therapeutics. By Dr. Pereira. 
Abridged, and adapted for the use of 
Medi(^ and Pharmaceutical Practitioners 
and Students. Edited by Professor R. 
BenTley, M.R.C.S. F.L.S. and by 
Professor T. Redwood, Ph.D. F.C.S. 
With 126 Woodcuts, 8vo. 255. 

^ERRT. — A Popular Introduce 
tion to the History of Greek and 
Roman Sculpture, designed to Promote 
the Knowledge and Appreciation of the 
Remains of Ancient Art. By Walter 
C. Perry. With 268 Illustrations. 
Square crown 8vo. 31J. 6d. 

^lESSE. — The Art of Perfumery, 

and the Methods of Obtaining the Odours 
of Plants; with Instructions for the 
Manufacture of Perfumes, &c. By G. 
W. S. PiESSE, Ph.D. F.C.S. With 
96 Woodcuts, square crown 8vo. 21s. 
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PROCTOR— lloJtJcs By R. A. Proc- 

7t7Jr— coatimied. 

THE 'KHOWLEDGE* LIBRARY. 

Edited hj Richako A. Proctok. 

Hoiv TO Play Whist: with the 
Laws axd Etjqvettb of Whot ; 
^Vhist Whittling^ and Foftj fnllj-UDO- 
tatcd Games. Bj * FiTE of Clubs ' 
(R. A. Proctor). Crown 8vol 5''* 

SciESCE Byways. A Series oi Fau 

miliar Dissertatioos oo Life in Other 
Woridsw Bj Richard A. Proctok. 
Cnyvn 8to. 6/. 

7^E Poetry of Astroxomy. A 

Scries of Familiar Esajs oo the Heavenly 
Bodies. By Richard A. Proctor. 
Crown 8vo. 6r. 

Nature Studies. Reprinted from 
KnaaUdge. By Grant Aixex, Ax- 
drew WiLsox, Thomas Foster, 
Edward Clodd, and Richard A. 
Proctor. Crown 8to. 6f. 

Leisure Readixgs. Reprinted from 
KncwUdgt. By Edward Clodd, 
Andrew Wilson, Thomas Foster, 
A. C. RuNYARDy and Richard A. 
Proctor. Crown 8vo. dx. 

The Stars ly their Seasoxs. 

An Easy Guide to a Knowledge of the 
Star Groups, in TwelTe Large Maps. By 
Richard A. Proctor. Imperial 8vo. 51. 

QUAnrS ELEHEMTSof ANATOHT. 

The Ninth Edition. Re-edited by Allen 
Thomson, M.D. LL.D. F.R.S.S. L. & E. 
Edward Albert Schafer, F.R.S. and 
George Dancer Thane. With up- 
wards of 1,000 Illustrations engraved on 
Wood, of which many are Coloured. 
2 vols. 8vo. iSs, each. 

QUAIN. — A Dictionary of Medi- 

cms. By Various Writers. Edited by R. 
QuAiN, M.D. F.R.S. &c. With 138 
Woodcuts. Medium 8vo. 3IJ. 6d. cloth, 
or 4ar. half-russia; to be had also in 
2 vols. 34J. cloth. 

RAWLINSON. — The Seventh 
Great Oriental Monarchy; or, a 
History of the Sassanians. By G. Raw- 
LlNSOK, M.A. With Map and 95 Illus- 
trations. 8vo. 28j. 

IX&kDlESi.— Works by Emily E. 
Reader. 
Voices from Flower-Land, in 

Original Couplets. A Birthday-Book and 
Language of Flowers. i6mo. 2x. 6</. limp 
cloth J 3^. 6d. roan, gilt edges, or in vege- 
table vellum, gilt top. 

Fairy Prince Follow- my- Lead ; 
or, the Magic Bracelet. Illustrated 
by Wm. Reader, Ct. Svo, $j. gilt edges. 



REEVE. — Cookery axd HousE' 

KEEFiSG. By Mis. HcniT Rkeve. With 
8 Colooicd' Plates and 37 Woodcuts. 
Ciown 8vo. is. 6d. 

. 'KLCK.—A Bictioxary OF Roman 6* 
\ Greek AxrTQCTrrES.Vnih 2,oooVfood' 

cuts. ByA. RiCEi, B.A. Cr. 8vo. 71. 6/. 

RIVERS. — JVoRKs BY Thomas 
Rivers. 
The Orchard-House. Crown 8va 

with 25 Woodcnts Sr. 

The Rose Amateur^ s Guide. 

Fcp. 8vo. 4r. ftd. 

ROGERS. — Works by Hy. Rogers. 
The Eclipse of Faith; or, a Visit 

to a Rd i gioo s Sceptic Fcp. 8vo. 5r. 

Defence of the Eclipse or 
Faith. Fcp. 8vo. y. 6tL 
R06ET. — Thesaurus of English 
fVoRDS and Phrases. By Peter H. 
ROGET, M.D. Crown Svc lOtr. 6tL 

RONALDS. — The Fly-Fisher's 
Entomology. By Alfred Ronalds. 
With 20 Cokxued Plates. 8to. I4r. 

SAL'nSR. — Dental Fa thology and 
Surgery. By S. J. A. Salter, M.B. 
F.R.S. With 133 lUnstratioiis. 8vo. I&. 

SCHAFER. — The Esseittials of 

fflSTOLOGYt DbSCRIPTIVR AND PRACIt' 

cal. For the use of Students. By £• 
A. ScHAFER, F.R.S. With 281 mis- 
trations. 8vo. 6f. or Literleaved witk 
Drawing PAper, 8f . 6</. 

SCHELLEN.— A'^crffiw Analysis 

IN its APPUCATION to TkRRBSTMUL 

Substances, and the Phyacal Coostitii- 
tion of the Heavenly Bodies. Familiarlj 
explained hy the late Dr. H. ScHSUXN* 
Translated from the Third Enlaiged and 
Revised German Edition by Jane ind 
Caroune Lasselu Edited, with NoteS) 
by Capt W. De W. Abnby, R.K. 
Seccmd Edition. With 14 Plates (indod- 
ing Angstrom's and Coma's Maps) tod 
291 W<x>dcnts. 8vo. ^is. 6d. 

SCOTT. — The Farm- Valuer, Bjr 
John Scott. Crown 8vo. 5x. 

SEEBOHH. — Works by Frederick 
Seebohm. 
The Oxford Reformers ---JoBt ^ 
CoLBT, Erasmus, and Thomas Mos^I 
a History of their Fellow-Work, ft* 

The English Village CoMMUSttJ 

Examined in its Relations to the ManoflJ^ 
and Tribal Systems, &c« 13 Maps ^ 
Plates. 8vo. i6x. 

TheEra of theProtestantRk^ ■ 

hUTiON With Map. Fcp. 870. ».^ .' 

i « 
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SEHKKn.—Tf/E Marine Steam 

Engine ; a Treatise for the use of Engi- 
neering Students and Officers of the Royal 
Navy. By Richard Sennett, Chief 
Engineer, Royal Navy. With 244 Illus- 
trations. 8vo. 2 IX. 

S^\flSlli.— Works by Elizabeth 
M, Sewell, 
Stories and Tales. Cabinet 

Edition, in Eleven Volumes, crown 8vo. 
5r. 6d, each, in cloth extra, with gilt 
edges:— 

Amy Herbert. Gertrude. 

The Earrs Daughter. 

The Experience of Life. 

A Glimpse of the World. 

Cleve Hall. Ivors. 

Katharine Ashton. 

Margaret Percival. 

Laneton Parsonage. Ursula. 

Passing Thoughts on Religion. 
Fcp. 8vo. 3^. 6d. 

Preparation for the Holy Com- 
munion; the Devotions chiefly from the 
works of Jeremy Taylor. 32mo. 3J. 

Night Lessons from Scripture. 

32mo. 3J. 6d. 

SHAKESPEARE.— ^d7;f7?z5i?'5 Fa> 

MiLY Shakespeare. Genuine Edition, 
in I vol. medium 8vo. large type, \rith 
36 Woodcuts, I4r. or in 6 vols. fcp. 8vo. 
21s. 

Outlines of the Life op Shake- 

SPBARE. By J. O. Halliwell-Phil- 
Lipps, F.R.S. 8vo. 7j. td. 

SHORT. — Sketch of the History 
of the Church of England to the 
Revolution of 1688. By T. V. Short, 
D.D. Crown 8vo. 'js. 6d. 

SIHCOX. — A History of Latin 
Literature. By G. A. Simcox, M.A. 
Fellow of Queen's College, Oxford. 2 
vols. 8vo. 32f. 

SMITH, Rev. SYDNEY.— r^^ Wit 

AND Wisdom of the Rev. Sydney 
Smith. Crown 8vo. 3^. 6d. 

SMITH, R. BOSWORTH. — CU^- 

THAGB AND THE CARTHAGINIANS, By 

R. BoswoRTH Smith, M.A. Maps, 
Plans, &c. Crown 8vo. I or, 6d. 

SMITH, R. k.—AiR AND Rain; the 

Beginnings of a Chemical Climatology. 
By R. A. Smith, F.R.S. 8vo. 24J. 

SMITH, JAMES.— 2V^ Voyage and 
Shipwreck of St. Raul. By James 
Smith, of Jordanhill. With Dissertations 
on the Life and Writings of St. Luke, 
and the Ships and Navigation of the 
Ancients. With numerous Illustrations. 
Crown 8vo. p. 6d, 
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SMITH, T.—A Manual of Opera^ 
tivb Surgery on the Dead Body. 
By Thomas Smith, Surgeon to St. 
Bartholomew's Hospital. A New Edi- 
tion, re-edited by W. J, Walsham. 
With 46 Illustrations. 8vo. I2r. 

SMITH, H. Y.—The Handbook for 
MiDWiVES. By Henry Fly Smith, 
M.B. Oxon. M.R.C.S. late Assistant* 
Surgeon at the Hospital for Sick Women, 
Soho Square. With 41 Woodcuts. 
Crown 8vo. ^s. 

SOPHOCLES.— iSb/'//<?cz/5 Tragce- 

DIM superstites ; recensuit et brevi Anno- 
tatione instruxit Gulielmus Linwood, 
M.A. i^dis Christ! apud Oxonienses 
nuper Alumnus. Editio Quarta, auctior 
et emendatior. 8vo. i6j. 

SOUTHEY.— T'^^ Poetical Works 

op Robert Southby, with the Author's 
last Conections and Additions. Medium 
8vo. with Portrait, I4r. 

STANLEY.—-^ Familiar Historic 
OF Birds. By E. Stanley, D.D. 
Revised and enlarged, with 160 Wood- 
cuts. Crown 8vo. dr. 

STEEL. — A Treatise on the Dis^ 

eases of the Ox; being a Manual of 
Bovine Pathology specially adapted for 
the use of Veterinary Practitioners and 
Students. By J. H. Steel, M. R. C. V. S. 
F.Z.S. With 2 Plates and 116 Wood- 
cuts. 8vo. 15^. 

STEPHEN.— -2^5^/1 Ks IN Ecclesias- 
tical Biography. By the Right Hon. 
Sir J. Stephen, LL.D. Crown 8vo, 
7j. 6d, 

STEYEHSOU*— Works by Robert 

Louis Stevenson. 

A Child^s Garden of Versesj 

Small fcp. 8vo. 5^. 

The Dynamiter. Fcp. 8vo. is. s\^d 
IS. 6d. cloth. 

• STONEHENGE/— r^^ Boo in 

Health and Disease. By «StoNe- 
henge.* With 78 Wood Engravings. 
Square crown 8vo. p. 6d. 

The Greyhound. By^Stonehenge.' 

With 25 Portraits of Greyhounds, &c. 
Square crown 8vo. i$s. 

STJJRGIS.— My pRiENDs AND L By 

Julian Sturgis. With Frontispiece. 
Crown 8vo. 5^. 

SULLY. — Outlines of Psychology, 

with Special Reference to the Theory of 
Education. By James Sully, M.A« 
8vo. I2r. 6d. 
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SUPERNATURAL RELIGION; an 

Inquiry into the Reality of Divine Re\'e- 
lation. Complete Edition, thoroughly 
revised. 3 vols. 8va 361. 

SWINBURNE.— /Vcy:/j?^ Logic; an 

Attempt to Popularise the Science of 
Reasoning. By A. J. Swinburne, B.A. 
Post 8vo. 5j. 

SWINTON. — The ^^rikciples and 
Practice of Electric Lighting. Bv 
Alan A. Campbell Swinton. With 
54 Illustrations engraved on \Vood 
Crown 8vo. 5/. 

TATLOR. — Autobiography of Sir 
Henry Taylor^ K.C.M.G. 2 vols. 
Svo. 32J. 

TATLOR. — ST&pEN-fs Manual of 

the ffiSTORY OF India, from the Earliest 
Period to the Present Time. By Colonel 
Meadows Taylor, C.S.I. Crown Svo. 

TEXT-BOOKS OF SCIENCE: a 

Series of Elementary Works on Science^ 
adapted for the use of Students in Public 
and S<2ience Schools. Fcp. Svo. fully 
illustrated with Woodcuts. 
Abney*s Photography, 3j. 6d» 
Anderson's Strength of Materials, 3j. 6d, 
Annstrong's Organic Chemistry, 3^. 6d, 
Ball's Elements of Astronomy, dr. 
Barry's Railway Appliances, 3^. 6d, 
Bauerman's Systematic Minenilogy, ^. 

Descriptive Mineralogy, 6j* 

- Bloxam and Huntington's Metals, 5^. 
Glazebrook's Physioil Optics, dr. 
Glacebrook and Shaw's Practical Physics, 

6s, 
Gore's Electro-Metallurgy, dr. 
Griffin's Algebra and Trigonometry, 3; . 6d, 
Jenkin's Electricity and Magnetism, 35. 6t/. 
Maxwell's Theory of Heat, 3^. 6d, 
Merrifield's Teclmical Arithmetic, y» 6d, 
■ Miller's Inorganic Chemistry, 3^. Sd. 
Preece and Sivewright's Telegraphyji $s, 
Rutley's Petrology, or Study of Rocks, 4s, 6d, 
Shelley's Workshop Appliances, 4s. 6d, 
Thome's Structural and Physiological 

Botany, dr. 
Thorpe's Quantitative Analysis, 4r. 6d, 
Thorpe and Muir's Qualitative Analysis, 

3J. 6d, 
Tilden's Chemical Philosophy, 3j. 6d, With 

Answers to Problems, 4^. 6d, 
Unwin's Machine Design, 6^. 
Watson's Plane and Solid Geometry, 3^. 6d. 

TAYLOR.— The Complete Works 
OF Bishop Jeremy Taylor, \Vith 
Life by Bishop Heber. Revised and 
corrected by the Rev. C. P» Eden. 10 
voIs.;^S. 5^. 



TAYLOR. — AnAgriculturalNotE' 

Book, to asnst Candidates in Preparing 
for the Science and Art and other Exam- 
inations in Agriculture. By W. C. 
Taylor, Principal of the A^ricoltural 
College^ Aspatria, Carlisle. Grown Svo, 
2j. d</. 

THOMSON.— ^iv Outline op the 
Necessary Laws of Thought;' a 
Treatise on Pore and Applied Lc^c By 
W. Thomson, D.D. AichbisStop of 
York. Crown Svo. dy. 

THOMSON'S CONSPECTUS 

Adapted to thr British 
Pharmacopeia, By Edmund 
Lloyd Birkbtt, M.D. &c. iSmo. dr. 

THOMPSON.—^ System of Psy- 
chology, By Daniel Gjleenleaf 
Thompson. 2 vols. Svo. 3dj. 

THREE IN NORWAY. By Two of 

Thbm. With a Map and 59 Ilhistra- 
tions on Wood from Sketches by the 
Authors. . Crown Svo. dr. 

TREVELYAN. — Works bv the 
Right Hon. G. O. TRByELVAN, 
MP. 

The Life And Letters of. Lord 

Macaulay, By the Right Hon. G. 0. 
Trevelyan, M.P. 
Library Edition, 2 vols. 8vo. 36*. 
■ Cabinet Edition, 2 vols, crown Sto. 

Popular Edition, I vol* crowa 8vo. 
dr. 

The Early History or Charles 
James Fox. Library Edition, 8ta i8j. 
Cabinet Editioi\, cro\?n Svok 6s^ ' 

TWISS.— Works. BV Sii^ .Travis 
Twiss. 
The Rights and Duties of Na- 
tions, considered a^ Independent Copi* 
munities in Time of War. 8vo» 2ij» 

The Rights and JDuties of 
Nations in Tims of\Peacb. Svo. 

TYND ALL.— JF^i^AT^ ^v John Tyr- 

DALLj PR.S, &*C. 

Fragments of Science. 2 vds. 

crown Svo. idr. 

Heat a Mode of Motion. Crown 

Svo. 12^. 

Sound: With 204 Woodcut* 

Crown Svo. ioj. drfi 

Essays on the Floating-Mattu 

OF THE AlRxvi relation to Putre&ctioB 
and Infection^ With 24 Woodciit& 
Crown Svo. ^s, 6d. ' 
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TYNDALL.— W^^ie/ir5 by John Tyn- 

BALL RR,S, &=€, — continued. 
Lectures on Light, delivered in 

America in 1872 and 1873. With Por- 
trait, Plate, and Diagrams. Crown 8vo. 
7j. 6d, 

Lessons in Electricity at the 
Royal Institution, 1875-7^. With 
58 Woodcuts. Crown 8vo. 2s. 6d» . 

Notes of a Course of Seyen 
Lectures on Electrical Pheno- 
mena AND Theories, delivered at the 
Royal Institution. Crown 8vo. i j. sewed, 
IX. 6(/. cloth. 

Notes of a Course of Nine Lec^ 

tures on Light, delivered at the Royal 
Institution. Crown 8vo. u. sewed, is* 6d, 
cloth. 

Faraday as a Discoverer. Fcp. 

8vo, 3J. dd, 

URE«— -^ Dictionary of Arts, 
Manufactures, and Mines, By Dr. 
UHE. Seventh Edition, re-written and 
enlarged by R. Hunt, F.R.S* With 
2,064 Woodcuts. 4 vols, medium 8vo* 

VERNEY. — Chess Eccentricities. 

Including Four-handed Chessj Chess for 
Three, Six, or Eight Players, Round 
Chess for Two, Three, or Four Players^ 
and several different ways of Plapng 
Chess for Two Players. By Major George 
Hope Verney. Crown 8vo. los, td. 

\lSXSiWl.— Peasant Properties, 

and other Selected Essays. By Lady 
Verney. 2 vols, crown 8vo. idf. 

VILLE4— (^iv Artificial Manures, 
their Chemical Selection and Scientific 
Applibation to Agriculture. By Georges 
ViLLE. Translated and edited by W. 
CkODKES, F.R.S. With 31 Plates. 
8vo. ±\s. 

VIRGIL. — PuBLi Vergili Maronis 

Bucolica, Georgica, ^neis ; the 
Works of Virgil, Latin Text, with Eng- 
lish Commentary and Index. By B. H. 
Kennedy, D.D. Crown 8vo. lor. dd. 

The ^neid of Virgil. Translated 
into English Verse. By J. Conington, 
M.A. Crown 8vo. 9J. 

The Poems of Virgil. Translated 
into English Prose. By John Coning- 
ton, M.A. Crown 8vo. 9J. 

WALKER.— 7V^ Correct Card; 

or. How to Play at Whist ; a Whist 
Catechism. By Major A. Campbell- 
Walker, F.R.G.S. Fcp. 8vo. 2s. 6d. 



WALPOLE.— History of England 

FROM THE CONCtUSIO'N OF THE GREAT 

War /ivi8i5 '^o ^^^ y^^R 1841. By 
Spencer Walpole. 3 vols. 8vo, 
£2. 14J. 

WATSOHi— Lectures on the Prin- 
ciples AND Practice of Physic^ 
delivered at King's College, London, by 
Sir Thomas Watson, Bart. M.D. 
With Two Plates. 2 vols. 8vo. 36J. 

WATTS.— A Dictionary of; Chemis- 
try AND THE Allied Branches of 
other Sciences. Edited l)y Hbnry 
Watts, F.R.S. ^ 9 vols, mediu^i. 8vo. 
£1^. 2s.6d. 

WEBB.— Works BY the RbvIT. W. 
Webb. 
Celestial Objects for Common 
Telescopes. Map, Plate, Woodcuts. 
Crown 8vo. $j. 

yRlESB. — THE Veil of Isis/z 
Series of Essays on Idealism. By Thomas 
W, Webb, LL.D. 8vo. 16s, 6d..^ 

WElLl^GTO'R.—LiFE oFTHk Puke 
of Wellington. By the Rey. G. R. 
Gleig, M.A. CfoWn 8vo. Portrait, 6s. 
M.D. ^c. Founder of, iand formerly 
t*hysician to, the Hospital for Sick 
Children. 

^IS&T.— Works BY Charles West, 
M.D. 

Lectures on the Diseases of In- 
fancy AND CltiL0HOOD. 8vO. I&f. 

The Mother's Manual of Chil* 
. DREN*s Diseases. Fcp. 8vo. 2s.6d. 

WKAIELY. — JSnglish Synonyms. 

By E. Jane Whately. Edited by het 
Father, R. Whately, D.D. Fcp. 8vo. 3^. 

WKATELY,- Works BYl^. Whately. 
D.D. 

Elements of Logic. Grown 8vo. 

4d\ 6d, 

Elements of Rhetoric CroWn 
8V0i 4J. 6d, 

Lessons on Reasoning, t*cp. 8vo. 

Is. 6d. 

Bacon's Essays, with Annotations. 

8vo. 10s. 6d. 

WHITE.— ^ Concise Latin-Eng- 
lish Dictionary, for the Use of Ad- 
vanced Scholars and University Students. 
By the Rev. J. T. White, D.D. Royal 
8va I2J. 

WHITE & RIDDLE.—^ Latin-Eng- 
lish Dictionary. By J. T. White, 
D.D. Oxon. and J. J. E. Riddle, M.A. 
Oxon. Founded on the larger Dictionary 
of Freund. Royal 8vo. 2\^x 
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WILCOCKS.— TVf &.4 FisHEXMAX. 

Com p ri ii Bg the Chief Methods of Hook 
and Line Fishing in the British and other 
Seas, and Remarks on Nets, Boats, and 
Boating. By J. C. Wilcocks. Pro- \ 
fnselv Illustrated. New and Cheaper 
Edition, much enlarged, crown 8to. dr. 

irVLLLCfL.—PoPCLAR Tables for ' 

giving Information for ascertaining the 
value of Lilehold, Leasehold, and Church ' 
Property, the Public Funds, &c. By \ 
Charles M. VTillich. Edited hf j 
Montagu Marriott. Crown 8vo. lor. 

WILSON.—^ AfAXCAL OF Health- 

SciEXCE, Adapted for Use in Schools 
and Colleges, and suited to the Require- 
ments of Students preparing lor the Ex- 
aminations in Hygiene of the Science 
and Art Department, &c. By Andrew 
Wilson, F.R.S.E. F.L.S. &c With 
74 Illustrations. Crown 8vo. zr. 6d. 

WITT. — Works by Prof, JVitt^ 

Head Master of the Alstadt Gymnasium, 
Konigsberg. Translated from the Ger- 
man by Frances Younghusband. 
The Trojan War. With a Preface 
by the Rev. W. G. Rutherford, M.A. 
Ilead-Master of Westminster SchooL 
CroMm 8vo. 2r. 

Myths of Hellas; or, Greek Tales. 

Crown 8vo. jr. 6^1 

The Wanderings of Ulysses, 

Cro^-n 8vo. y, 6d, 

WOOD.— WoRNs BY Rey, J, G. 
Wood, 
Homes Without Hands ; a De- 
scription of the Habitations of Animals, 
clawed according to the Principle of Con- 
struction. With about 140 Vignettes on 
Wood. 8vo. lor. dd. 

Insects at Home; a Popular 

Account of British Insects, their Struc- 
ture, Habits, and Transformations. 8vo. 
Woodcuts, I Of. 6d, 

Insects Abroad; a Popular Account 

of Foreign Insects, their Structure, 
Habits, and Transformations. 8vo. 
Woodcuts, I Of. 6(/, 

Bible Animals ; a Description of 

every Living Creature mentioned in the 
Scriptures. With 112 Vignettes* 8vo. 

Strange Dwellings ; a Description 

of the Habitations of Animals, abridged 
from 'Homes without Hands.' With 
Frontispiece and 60 Woodcuts. Crown 
8vo. 5y. Popular Edition, 4to. 6^. 

[Continued above. 



WOOD. — Works by Rev, , 
JFex?z>— continued. 
Out of Doors ; a Selecti 

Original Articles on Practical 
History. With 6 Illustrations. 
8vo. $j. 

Common British Insects: Bei 
AfOTHs, asd Butterflies. 
8vo. with 130 Woodcuts, 3J. 6d, 

Petland Revisited, With 

rous Illustrations, drawn speci: 
Miss Margery May, engraved 01 
by G. Pearson. Crown 8vo. is, ( 

WTUS..— History of Em 
uxDER Hexry the Fourth. Bj 
Hamilton Wvue, M.A. one 
Majesty's Inspectors of Schools. ( 
Vol. I, crown 8vo. lor. 6d, 



WTLIE. — Labour, Leisure, 

Luxury; a Contribution to 
Practical Political Economy. 
Alexander Wylie, of Glasgow. 
8vo. dr. 

YOYiQiE.—THENEWENGLISH' ( 
Lexicon^ containing all the Greel 
used by Writers of good authori 
Charles Duke Yonge, M.A. 4 

YOUATT. — Works by Wi 

You ATT, 

The Horse, Revised and en 
by W. Watson, M.R.C.V.S. 
Woodcuts, 7j. 6£/» 

The Dog, Revised and enl 

8vo. Woodcuts, dr. 

ZELLER. — Works by Di 
Zbller, 

HisTOR Y OF Eclecticism in C 
Philosophy, Translated by 
F. AlleynE. Crown 8vo. iQf, 

The Stoics, Epicureans, 

Sceptics. Translated by the B 
J. Reichel, M.A. Crown 8vo, J 

Socrates and the Sac. 

Schools, Translated by the Rev 
RfclCHEL, M.A. Crown 8vo. los 

Plato and the Older Aca 
Translated by S. Frances Allei 
Alfred Goodwin, B.A. Cro 
i8r. 

The Pre-Socra tic Schools ; 

tory of Greek Philosophy from th( 
Period to the time of Socrates, 
lated by Sarah F. Alleyne. 
crown 8vo. 3ar. 
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